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executIve summary
Identifying and fostering the growth of innovative companies has long been a focus of economic 
development. However, traditional methods of economic analysis often fail to identify sources of 
innovative growth because they are not designed to do so. Innovation is by definition ever-evolv-
ing and defies methods that focus on slow growth and historic trends. By investigating the nature 
of innovation, it is clear that methods to foster growth must themselves be innovative and able to 
capture change and complex relationships.
The focus of the Community Planning Studio was to identify innovation-led economic develop-
ment strategies that would help spur innovation in Howard County, Maryland.  In doing so, the 
class focused on a variety of economic data analysis methods to identify innovation activity in the 
county. The methods included traditional economic analysis which incorporated demographic, 
employment, education and commuting data. U.S Cluster Mapping was also used to identify in-
dustry clusters in the county- a method used by most economic development agencies. Spatial 
analysis was also used to create heat maps that identify clusters of innovative companies.
Assessing the demographic and economic characteristics of an area is an essential first step in 
developing community-based strategies. It provides orientation and initial direction on which 
to base further analysis. Cluster analysis is a popular tool that identifies a given area’s major in-
dustry clusters and comparative advantages. We used these methods as a knowledge base for 
our in-depth spatial and network analyses. While we gained a sense of the County’s advantages 
and major industries, we ultimately found that cluster analysis was limited in its ability to help us 
define innovation-led economic development strategies. Stats America and U.S. Cluster Mapping 
are tools that contain a wealth of information, but their calculation methods vary, and they rely on 
static industry definitions, broad categorization techniques, and past data to define clusters. This 
limits their ability to contribute to local strategies and identify innovative activities in a small and 
rapidly changing environment.
Spatial analysis methods were used to identify the locations of innovative companies in the con-
text of their surroundings, taking into account land-use and zoning characteristics. Areas with 
concentrations of innovative companies were also analyzed. Using GIS software, kernel density 
and heat maps were created that identified areas where the companies were clustered. Regions 
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Innovation-Led Economic Development in Howard County Maryland
with a relatively large number of companies in a small area became the focus once these maps 
had been created. Three clusters were identified but, due to surrounding conditions, infrastructure 
assets, and the prevalence of concentrations of companies within a specific industry, one cluster 
was selected as the focus of the rest of the analysis. The land use and zoning, combined with the 
presence of existing companies within this area is an important asset for enticing other innovative 
companies to locate in Howard County. However, several strategies could be implemented to 
truly position this area as an innovation district.
Our main method in this course was to analyze innovation activity in the County by using Net-
work Analysis. We measured innovation activity by using data related to the different steps in the 
innovation process. These networks are comprised primarily of the people and organizations in-
volved in innovation and the connections they share through those innovation activities.  Science, 
Technology and Innovation (STI or herein simply ‘innovation’) is a process comprised of several 
different types of activities including research, invention, proof-of-concept, commercialization, 
and diffusion.  These activities are carried out by people in various roles – researchers, inventors 
and entrepreneurs for example; and the organizations (companies, institutions, agencies, etc.) that 
they are connected to.  Other people and organizations in the network may be involved in sup-
porting roles – providing funding, resources, ideas, know-how or social capital that helps the in-
novation process advance.  In the network models people are represented as ‘nodes’ or ‘vertices’, 
and are connected to each other by lines (called ‘ties’ or ‘edges’) representing the relationships 
connecting them. 
Executive Summry
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The various activities produce both tangible and intangible outputs including publications, intel-
lectual property (IP), startups, prototypes and products. These products of innovation activities are 
also connected to the people and organizations involved through author, inventor, founder and 
ownership ties. After analyzing these networks, we found five main technology clusters located in 
Howard County:
Regenerative Medicine is for the most part a largely untapped industry in Howard County that has 
a lot of potential to grow. Figure 2 on the next page illustrates the Regenerative Medicine Innova-
tion Cluster with targeted economic development strategies for the county. 
From the network analysis, over 60 companies were identified as technology clusters.  Each of the 
60 companies are either situated within the County or have been identified as a company with ties 
to the County.  Individual profiles were then created for each company with information regard-
ing a company’s size, location, funding, revenue, and activities.  From there each company was 
classified as one of the five technology clusters obtained through our network analysis. Currently, 
the most active cluster within Howard County is Regenerative Medicine. These company profiles 
can be used by Howard County to start building relationships that will target innovation activity. 
So how do we spur innovation-led economic development in Howard County? We found that the 
multiple data analysis methods we applied illuminated a few key strategies for the County. 
1. The county establish an innovation district to geographically target entrepreneurial activ-
ity related to regenerative medicine technology specifically near the Gateway Center at 
Snowden River Parkway
2. Develop Keystone companies with local industry leaders to spur an innovation ecosystem
3. Create a new approach to business attraction by targeting the small and mid sized 
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Innovation-Led Economic Development in Howard County Maryland
have not yet located to the county
4. Utilize the 60 company profiles our research team has developed to start building a rela-
tionship 
5. Facilitate growth within the Regenerative Medicine cluster  by facilitating sponsorship of 
cluster-oriented research, targeting student startups and faculty spin-offs through accel-
erators and incubators 
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Innovation-Led Economic Development in Howard County Maryland
Science, technology and innovation (STI) has long been viewed as an economic driver 
within our economy because STI produces new 
ideas, products and processes that lead to eco-
nomic growth and job creation. We define an 
economic driver as any activity that accelerates 
this process of economic growth. In turn, eco-
nomic growth affects the nature and speed of 
innovation. One example of an economic driver 
is basic research where most scientific discov-
eries may not directly contribute to new prod-
ucts and services but years down the line could 
significantly alter the current systems and ways 
of life (Stephan, 2015 p. 205). Economic growth 
is essential to match population growth and 
maintain competitiveness within a given sys-
tem (Spruijt, Spanjaard, and Demouge, 2013). 
Although they may result in economic growth, 
“many innovative activities reside in functions 
not typically regarded as drivers of innovation 
and growth” (Stephan, 2015 p. 220). This un-
derstanding has prompted our study to include 
a wider variety of data points and evidence of 
interaction and innovation.
Innovation has historically been understood 
in a linear model where research is conduct-
ed, leading to development, production, and 
eventually, commercialization. However, this 
model oversimplifies a complex and messy 
process (Landau and Rosenberg, 1986). While 
economic gain is the end game in most cases, 
each step in the process promotes economic 
growth and responds to economic conditions. 
STI systems are “continuously and rapidly 
evolving” as they respond to these conditions 
.  These complex interactions and process-
es need to be understood as they may influ-
ence expected outcomes  (Freeman, 2009 p. 
4). Current STI systems rely on the symbiotic 
relationship between private, public, and aca-
demic institutions that contribute to the overall 
body of knowledge and the application of that 
knowledge. The importance of interdisciplinary 
work should also be stressed here. There are 
two types of knowledge that contribute to the 
production of innovation: propositional knowl-
edge, defined as scientific knowledge, and pre-
scriptive knowledge, defined as technical capa-
bility (Stephan, 2014 p. 204). According to Joel 
Mokyr, an economic historian, the relationship 
of propositional knowledge and prescriptive 
knowledge enables innovation advancements 
to cross between knowledge disciplines and 
between the public and private sector bound-
aries (Stephan, 2014 p. 204).  While the private 
sector relies on transmission of knowledge 
and recent scientific development, public in-
stitutions rely on the advancement of tools, 
equipment, and processes of the private indus-
try to assist in the application of new research 
(Stephan, 2014 p. 209). While innovation is not 
strictly a linear process, it is the result of a more 
systemized approach to research and develop-
ment that considers scientific and technologi-
cal advances in research and application.   
The Influence of Science and Technological In-
novation on Economic Growth Technological 
and scientific advancement works within the 
economic framework to produce new services 
and products that in turn lead to econom-
ic growth. However, measuring the economic 
impact of a singular product or transformation 
of existing products is a difficult task. Innova-
tion has a different character depending on the 
industry in which it occurs. Therefore, identical 
investment into different kinds of industries 
will require differing levels and types of re-
search and development (R&D) and have dif-
ferent rates of return. Additionally, innovation 
is not an isolated phenomenon. For example, 
the economic effects of a particular techno-
logical innovation cannot be pinned down to 
a quarterly economic report because the inno-
vation can spill over into other industries years 
down the line and find new use. There is no 
standard timeframe or concise way to measure 
the effects because an innovation can yield 
benefits for industries vastly different from that 
of its origination or may not be profitable un-
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Introduction
industry. Scientific research is also seen as a 
public good because of its potential applica-
tion and not simply its current utility (Landau 
and Rosenberg 1986). 
The system of innovation within academia “has 
evolved in science to create a reward system 
that encourages the production and sharing of 
knowledge” (Stephan, 2014 p. 7). Furthermore, 
the reciprocal relationship, or non-linear model, 
where people “use science to advance technol-
ogy” and “use technology to advance science” 
helped cement a systematic or cyclical form of 
innovation. These interrelated ideas continue 
to drive the changing nature of innovation. 
According to Salter and Alexy, innovation is a 
main driver of economic growth and generally 
creates spillovers (2014 p. 28). The nature of in-
novation combines previous processes to form 
new systems that involve “new combinations 
of existing elements, bodies of knowledge or 
technology” (Salter and Alexy, 2014 p. 30).  The 
Role of Innovation Clusters and Contributions 
to Economic Growth As individuals and busi-
nesses work to advance scientific knowledge 
and technological innovation, specialization 
has been a necessary outcome. Specialization, 
while it has been known to benefit the econ-
omy, can lead to a separation between disci-
plines (Landau and Rosenberg, 1986). Inno-
vation clusters can effectively break down the 
barriers between industries and disciplines and 
allow for spillover of knowledge and resourc-
es, the benefits of which include the increase 
of current knowledge and the decrease in the 
cost associated with attaining it (Stephan, 2014 
p. 206). This is both an answer to the economic 
constraints and the nature of innovation.
The challenge of pursuing economic growth 
through innovation varies amongst high in-
come developed, emerging developing, and 
developing countries. In the high income de-
veloped countries, innovation tackles the pro-
cess of sustainability “that give increasing pre-
miums to insiders, to security and risk aversion, 
and to the maintenance of income and wealth” 
(Freeman, 2009 p. 14).  The Role of Institutions 
and  Contributions to Economic Growth In-
stitutions play a vital role in creating an envi-
ronment in which research becomes feasible, 
sharing new knowledge and advancements 
with private industry. The success of funding 
for research and development is both accessed 
and measured through academic publications. 
Academic articles serve an added purpose 
of informing private industry of the most re-
cent research conducted, the primary form of 
knowledge exchange (Stephan, 2014 p. 215). 
Another manner in which innovation is mea-
sured is the number of patents awarded (ibid). 
While the awarding of patents, along with hir-
ing of recent graduates, and joint ventures can 
assist in the sharing of research knowledge, it 
is not as heavily relied upon as other methods. 
The second most common way in which knowl-
edge is shared is through formal and informal 
communication  between researchers and the 
private sector. Subsequently, private indus-
try relies on the content ascertained and the 
connections made through conferences and 
consultants (Stephan, 2014 p. 215). The spread 
of research and advances in science are made 
accessible through this shared relationship be-
tween academic institutions and industry. 
The feasibility of research and innovation re-
lies on investments and contributions from 
the public sector. The financial and political 
support that the government provides to ac-
ademic institutions allows for research that fo-
cuses on technological and scientific advance-
ment while pursuing what Stephan describes 
as “humanity’s quest for basic understanding” 
(Stephan, 2014 p. 8). While private industry is 
focused on economic gains to commercially 
remain as a viable business model, public sec-
tor assistance allows for cost effective advance-
ment of humanity.   How Economics Influences 
Science, Technology, and Innovation Despite 
the promise of economic gain, innovation lies 
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Innovation-Led Economic Development in Howard County Maryland
Innovation must be directed towards satisfy-
ing consumer demand. Stephan bluntly states, 
“Costs affect the pace of discovery,” indicating 
that without the right economic conditions 
and financial backing, science, technology and 
innovation would not be possible (2014 p. 3). 
While R&D is undoubtedly associated with in-
novation, it is constantly affected by the eco-
nomic climate. The incentive to spend money 
investing in scientific research and technologi-
cal advancement depends on the comparative 
economic advantage of using old technolo-
gies. For example, the feasibility of producing 
a revolutionary new product may be reached 
long before the economic environment exists 
in which it becomes a priority and enters the 
marketplace (Landau and Rosenberg, 1986). 
Likewise, in a strained economic climate, tech-
nological and scientific innovation often takes 
a different form. When capital for investment 
is limited, the funds set aside for R&D predict-
ably decrease and the riskiness of certain ven-
tures also becomes a factor, turning the major-
ity of funding to endeavors that have a more 
guaranteed return. As a result, the technolog-
ical and scientific innovations that emerge are 
less likely to substantially change an industry 
and have far-reaching impacts (Archibugi and 
Filippetti, 2013 p. 135). 
Innovation requires economic incentives, rely-
ing on venture capitalists to fund private firms 
and grants to fund academia. The National 
Institutes of Health and the National Science 
Foundation are significant contributors to ac-
ademic research that enable universities to 
continue to fund research programs that push 
the boundaries of scientific discovery. These 
funds help universities cover the costs associ-
ated with research, which includes the physi-
cal building facilities, the incentive packages 
to draw faculty researchincentive packages to 
draw faculty researchers to these facilities, sal-
ary and stipends of researchers and graduate 
students, as well as the costs associated to the 
purchase of the research material and to care 
for the research (e.g. mice) (Stephan, 2014). 
The cost associated with research and devel-
opment can be prohibitive, which is why a 
relationship between public institutions and 
private firms is vital for research and develop-
ment to be conducted as a manageable eco-
nomic endeavor. The framework of the private 
sector is organized in a manner that allows for 
the research of universities to be transformed 
into products available to the mass market as 
well as to create spin-off ventures further con-
tributing to economic growth (McKelvey, 2014 
p. 77).  The philosophy that innovation and 
R&D function as public goods is seen in the 
activities taken by the public sector in provid-
ing the financing necessary for these activities. 
Both the Small Business Innovation Research 
Program and the Small Business Technology 
Transfer help fill this role, providing the fund-
ing to help businesses push innovations past 
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Innovation-Led Economic Development in Howard County Maryland
Defining Innovation 
Innovation can have many different meanings, from the simplistic dictionary version,  the in-
troduction of something new,  to the descrip-
tion of complex economic relationships. When 
discussing innovation as an economic devel-
opment tool, it is important to identify a clear 
working definition to avoid subjective, varied 
interpretation. Providing a concise definition 
serves as a starting point and gives the discus-
sion context, balancing the definition  some-
thing new  with the complex processes and 
forms innovation can take. Innovation can also 
manifest differently according to location and 
technology focus, so it can be useful to go one 
step further and tailor the definition to suit the 
needs of a certain locale. Here, we will present 
definitions of innovation as offered by experts, 
and what it can mean in a local context. 
The 2010 National Academies of Science re-
port Rising Above the Gathering Storm, Revis-
ited describes innovation as  being first  to 
acquire and apply knowledge towards the cre-
ation of a  sought after  product or service, 
and emphasizes the importance of entrepre-
neurship (43). The multiple definitions of in-
novation cited in the National Academy s 2014 
report Capturing Change in Science, Technolo-
gy and Innovation share this emphasis on eco-
nomics and value creation, describing it as the 
process of  extracting economic value from 
novel activities.   These definitions agree that 
innovation is a process that brings ideas to life, 
and whether they take the form of products, 
services or processes, they represent improve-
ments on the status quo and must be pro-
duced or implemented. Implementation and 
feasibility are important dimensions of innova-
tion; while failed attempts can be a part of the 
innovation process, it is products or processes 
that are ultimately launched into the market-
place that are impactful or effect change. 
While the overall emphasis is that the products 
of innovation should create economic value, 
social value is included in some definitions as 
well (Capturing Change, p. 42). As the defini-
tion of innovation has evolved, its numerous 
scientific, technological, organizational, and fi-
nancial dimensions have been acknowledged. 
Because innovation itself is ever-changing in 
nature, it is not easily confined to a single, stat-
ic definition; rather, it is more useful to present 
a working, context-appropriate definition. For 
the purposes of this paper, we define inno-
vation as a process that transforms ideas into 
new products (broadly defined) in the mar-
ketplace with the intent of creating value. This 
definition can be expanded by identifying the 
activities involved and the characteristics of the 
innovation process, which can also help with 
implementation of innovation concepts at a 
local scale.
The Recipe for Innovation
While exact definitions of innovation differ, there is consensus as to both the basic 
ingredients required for innovation and the 
steps in the innovation process. In general, the 
ingredients include knowledge, people, capi-
tal, and an appropriate  ecosystem  that will 
allow innovation to flourish. Within this gen-
eral consensus, there are differences regard-
ing emphasis and interpretation. For example, 
Rising Above the Gathering Storm, Revisited 
lists the ingredients of innovation as  1) new 
knowledge; 2) capable people; and 3) an en-
vironment that promotes innovation and en-
trepreneurship  (p.44). The 2011 NAS report 
Measuring Impact focuses on  trust among 
people and institutions,   administrative 
structures allowing for rapid learning and ad-
aptation,  and  historical ties.  The 2012 
NAS report Rising to the Challenge offers an 
interpretation that is more quantitative, iden-
tifying the three  pillars of innovation  as 
research and development investment, uni-
versity funding, early-stage finance, and talent 
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The Nature of Innovation
Hwang and Horowitt (2012) include ideas and 
talent, capital and investment, expertise, and 
a suitable social, political, and regulatory en-
vironment including  keystone  individuals 
and/or institutions that act as social bridges 
between disparate individuals.
The actors involved in creating, fostering, and 
implementing innovation can be broken down 
into two types: intangible actors, which can not 
be physically seen, and tangible actors.  Some 
examples of intangible actors include talent, 
ideas, expertise, social networks, and the  in-
visible hand.  Tangible actors include specific 
individuals, technologies, private and public 
institutions, and the different levels of govern-
ment. Both types of actors are complementary 
and  play a major role in innovation.
Rising to the Challenge breaks the process of 
innovation into two main steps: the research/
creation of new ideas and the development/
implementation of these ideas into  competi-
tive products and services.  (2012)  These two 
main steps can be further broken down into 
research, invention, proof of concept, com-
mercialization, and finally the manufacture of a 
product for distribution (reference to diagram). 
In the case of process innovations, widespread 
adoption of the idea or technique can be con-
sidered the final stage.
While the innovation process appears linear on 
paper, it is often far more complex. Innovation 
requires both an inventor and knowledge, but 
these ingredients alone are not sufficient. The 
story of ProFusion, a cutting-edge web search 
engine invented by two University of Kansas 
professors, illustrates this principle. ProFu-
sion s inventors, Susan and John Gauch,were 
confident that their technology was as good 
or better than that of its competitors, and ex-
perts seemed to agree (Hwang and Horowitt, 
2012). However, the Gauches struggled with 
the commercialization process and ultimately 
failed to fully exploit the potential of their in-
vention. Limited business savvy and a lack of 
access to the kinds of knowledge, capital, and 
connections they needed to help them navi-
gate the process were partly to blame (Hwang 
and Horowitt, 2012). Two decades later, their 
former competitor Google is a global jugger-
naut while ProFusion is largely forgotten. 
Similarly, some clever inventions need further 
refinement before the leap from invention to 
innovation can be made. Learning from failure 
is one dimension of the process of  careful 
and continuous social exploration  described 
by Pentland (2015), and successful innovators 
can often cite a string of previous failures that 
contributed to their eventual success. They 
are willing to test and refine their idea via in-
formal discussions within their social network 
or formal academic research and publication, 
and go back to the drawing board again and 
again if things do not seem to add up. Some 
inventions move quickly through this process, 
some are discarded immediately, and some 
pass through multiple iterations of this cycle 
before finally moving on to the next stage. 
The process of moving from invention to in-
novation may be the same, but timing can 
differ substantially.  The shape of a product s 
path during the next phase, from invention to 
proof-of-concept and commercialization, is a 
function of early-stage finance, the regulatory 
environment, and relationships with keystone 
individuals or institutions. Steve Jobs and Steve 
Wozniak could build a handful of Apple com-
puters by borrowing money and space from 
friends and family, but eventually needed ac-
cess to more resources to meet growing de-
mand. Had they not met angel investor and 
industry veteran Mike Markkula, who invested 
$250,000 in the fledgling company at a crucial 
stage, today s computer landscape might look 
totally different (Livingston, 2007). Harvard s 
ability to patent and license its OncoMouse 
technology gave DuPont researchers the re-
sources they needed to develop new medical 
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tection of this technology may have prevent-
ed other independent researchers from being 
able to take their own ideas to the next level 
(Stephan, 2012). The Gauches had ideas, in-
vestors, and industry buzz, but their failure to 
befriend a business-savvy  keystone  caused 
ProFusion s story to end too soon (Hwang and 
Horowitt, 2012). Timing during this phase is 
critical, as delays in moving from idea to mar-
ket may compromise the process of innovation 
(Rising Above the Gathering Storm, 2010). 
How government institutions fit into the inno-
vation process remains a source of consider-
able debate. While most  recipes  for innova-
tion address a government role, opinions differ 
as to where and how the government should 
be involved. Hwang and Horowitt advocate for 
government funding for small innovation-ori-
ented businesses, contending that markets are 
inefficient when it comes to promoting inno-
vation and note that government-subsidized 
capital was a quiet force behind many recent 
innovations brought to market by U.S. enti-
ties (Hwang and Horowitt, 2012). This theory 
is supported by a study analyzing the sourc-
es of award-winning innovations between the 
period 1970-2006 that found nearly a quarter 
of the inventions had come from firms that re-
ceived SBIR funding (Block and Keller, 2008). 
Others argue that government investment in 
research may create distorted incentive struc-
tures that discourage truly groundbreaking 
research, particularly in the physical and bio-
medical sciences (Stephan, 2015). While there 
is some disagreement over what role the gov-
ernment should play, there is consensus that 
government is also a factor in the process of 
innovation.
Progress from one phase to the next is un-
certain, and the right mix of ingredients at 
the right time is critical to moving ahead. In-
dividuals with talents and expertise alone will 
not create innovation. It takes capital invest-
ments from different levels of government as 
well as the private sector. Technology shapes 
the way in which people, organizations,  and 
institutions connect and communicate so that 
businesses, resources, and the establishment 
of businesses are not geographically confined. 
Customers are also important actors, from the 
earliest stages of innovation until the product 
is well-represented in the market. The hypo-
thetical customer is what inspires an innovator, 
while the actual customer buying the innova-
tive products completes the circle by creating 
economic value.  In short, the process of inno-
vation is dynamic and unpredictable.  This is an 
important characteristic of innovation, and one 
of many that will be discussed further in the 
next section.  
Characteristics of Innovation
We have previously discussed the defini-tion innovation and the process by which 
it occurs. We now turn to the characteristics of 
innovation. This section will focus on the inter-
actions that occur throughout the innovation 
process and why certain behavioral norms are 
so important to creating an innovative com-
munity. While the dynamic and unpredictable 
nature of innovation don t allow for any one 
individual or organization to  control  the 
innovation process, cultivating an environ-
ment that exhibits certain characteristics can 
increase the likelihood of innovation occurring.
The conventional economic theory that has 
driven economic development strategies to 
date is focused on rational choice and clusters. 
Rational choice theory states that when peo-
ple act rationally to maximize their economic 
self interest, there will be net positive results 
on the macro level. While certain individuals 
may make poor decisions about who to trust 
or how to commercialize an invention, others 
will make the right decisions which will result in 
overall economic gain. However, when viewed 
at a micro-level, person-to-person level trans-
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The Nature of Innovation
geography, social networks, language, culture 
and trust (Hwang and Horowitt, 2012). The 
cluster approach to economic development 
looks to address the geographic barriers to in-
novation but does not address the other bar-
riers. 
When a community or a workplace is more en-
gaged with each other and there are more in-
teractions between members, production and 
creativity both increase. These increases stem 
from the collective intelligence that is achieved 
when ideas are abundant and flow freely (Pent-
land, 2014). Idea flow is the guiding principle 
for innovation. Great innovations never hap-
pen in a vacuum, ideas need to be discussed, 
tested, and commercialized as discussed in the 
previous section. With  increased idea flow 
as a key underlying characteristic of innova-
tion, we can discuss what characteristics con-
tribute to increasing idea flow.
First and foremost there must be a high degree 
of trust. Let s use a simplified example of an 
inventor and a marketing guru (in reality there 
are likely to be many more actors involved). 
The inventor has a great idea for a product and 
the marketing guru knows how the product 
will perform in the marketplace. The inventor 
must take a leap of faith and trust the market-
ing guru and the marketing guru must value 
the trust of the inventor and not take advan-
tage of it. While it may be tempting for the 
marketer to take the idea and achieve a short 
term gain, the collective result of this type of 
behavior creates a culture of distrust and ul-
timately stymies idea flow and innovation. 
Creating a culture of trust is a matter of social 
norms built up through repeated interactions 
between individuals. Role models are import-
ant in creating trust within networks because 
human behavior is often heavily influenced by 
social norms. This is true because people of-
ten shape their own actions from actions of 
individuals they respect. This strategy is much 
less costly than discovering their own path 
completely from scratch. In innovative com-
munities, keystone individuals (people that are 
respected in the community) exhibit trust and 
cooperation, which in turn promotes such be-
havior throughout the group.
The concept of diversity is fundamental to in-
novation. When communities or organizations 
become calcified and formulaic, they often 
lose their competitive edge. Thus, a constant 
influx of new and different ideas and people 
is vital for innovation. The impact of homoge-
nous thinking can be illustrated by a real world 
situation that occurred on an online financial 
trading platform/social network (eToro). Trad-
ers can share their trades and are compen-
sated when other users copy their trades. Re-
search into the data revealed that there were 
a few traders who were very successful and 
their ideas were followed by other traders who 
also saw success. Eventually, a bubble formed 
when traders began following those who were 
following others, etc. The end result was less 
return on investment for investors who heard 
the same ideas over and over and more return 
on investment for those who mixed in new 
ideas with proven ones (Altshuler Pan, 2013). 
A flow of ideas means nothing if every idea is 
the same, or comes from the same school of 
thought. That is why people with diverse aca-
demic backgrounds and skillsets are crucial to 
innovation systems.
Innovation is not geographically bounded. This 
is the biggest departure from traditional clus-
ter-based economic development. While geo-
graphic proximity can play an important role in 
allowing idea flow to occur (through face-to-
face meetings), limiting the scope of innova-
tion to a geographically bounded region clos-
es off a worldwide network of potential actors 
in the process. Today, communications tech-
nologies make it possible for partnerships to 
be created across vast distances. A bio-medical 
technology company in Howard County may 
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Innovation-Led Economic Development in Howard County Maryland
ton who has connections to a pharmaceutical 
company in Germany. While this may seem 
to be an obvious characteristic of innovation, 
connections across jurisdictional boundaries 
are often neglected or even discouraged by 
the jurisdictions themselves for fear of com-
panies relocating. While a legitimate concern, 
places with connections spanning geographic 
boundaries are often seen as attractive places 
to do business.
Innovation does not happen in a vacuum. It 
often takes several iterations of a similar idea 
to bring an innovative product to market and 
being connected to other fields of knowledge 
is often critical to coming out on top. To illus-
trate this point, we can turn to perhaps one of 
the most iconic innovations in human history; 
Thomas Edison s electric light bulb, which Ste-
ven Johnson recalls in his book,  How We Got 
to Now: Six Innovations That Made the Mod-
ern World . Ironically, the light bulb is often 
associated with a moment of brilliance, but 
its invention was a longer, more complicated 
process. Edison filed a patent for his  electric 
lamp  in 1872, but the story actually begins 
in 1802 when British chemist, Humphry Davy 
used platinum filament and a battery to create 
a glow that lasted for several minutes. Between 
then and Edison s patent filing, 23 other patents 
were filed for light bulbs. Edison s biggest con-
tribution was the carbonized bamboo filament 
that he and his team eventually decided to use 
(previous attempts had used substances such 
as platinum, iridium and other carbon-based 
materials). Once he had decided on bamboo, 
he sent a team to search the globe for the most 
incandescent bamboo in the world. One of Ed-
ison s representatives, William Moore, found 
such bamboo in China and Japan and struck a 
deal to import the bamboo for his lightbulbs. 
As Johnson explains:
The other key ingredient to Edison s success 
lay in the team he had assembled around 
him at Menlo Park, memorably known as 
the  muckers.  The muckers were strik-
ingly diverse both in terms of professional 
expertise and nationality: the British me-
chanic Charles Batchelor, the Swiss machin-
ist John Kruesi, the physicist and mathema-
tician Francis Upton, and a dozen or so other 
draftsmen, chemists, and metalworkers. Be-
cause the Edison light bulb was not so much 
a single invention as a bricolage of small im-
provements, the diversity of the team turned 
out to be an essential advantage for Edison. 
Solving the problem of the filament, for in-
stance, required a scientific understanding 
of electrical resistance and oxidation that 
Upton provided, complementing Edison s 
more untutored, intuitive style; and it was 
Batchelor s mechanical improvisations that 
enabled them to test so many different can-
didates for the filament itself. Menlo Park 
marked the beginning of an organizational 
form that would come to prominence in the 
twentieth century: the cross-disciplinary re-
search and development lab. In this sense, 
the transformative ideas and technologies 
that came out of places such as Bell Labs 
and Xerox-PARC have their roots in Edison s 
workshop. Edison didn t just invent technol-
ogy; he invented an entire system for invent-
ing, a system that would come to dominate 
twentieth-century industry.
As Edison s lightbulb story shows us, trust, di-
versity, geographic unboundedness, are es-
sential characteristics of innovation. Edison 
trusted his cross-disciplinary and multicultur-
al team and traversed continents in order to 
make bring the light bulb to market. When we 
think about innovation, we should remember 
that it is a process that involves many differ-
ent actors, that it is random and chaotic, that 
it requires trust, that it is often the result of 
cross-pollination of ideas, and that it knows no 
bounds. When we look to innovation to build 
our economy, understanding its nature is the 
first step to building a community that sup-
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Innovation-Led Economic Development in Howard County Maryland
Innovation is a vital part of a locality s economic 
ecosystem and continued growth.  It is import-
ant that the measurement of this phenomena 
be thorough and practical. There are numerous 
metrics that help assess innovation at different 
stages. These include innovation input metrics 
such as research and development spending, 
and grants as well as innovation output met-
rics like publication counts, patent counts, 
and Small Business Innovation Research (SBIR) 
awards. Other metrics measure parts of the in-
novation process including innovation indexes 
and clusters. This section will look in depth at 
the following metrics: 
Research & Development and Grants 
Publication and Patent Counts 
Prototyping 
 SBIR/STTR funding 
Commercialization 
 Start-ups 
 Innovation Clusters 
 Innovation Indexes 
 Innovation/Social Networks 
Solow Residual 
Innovation Inputs  
Research & Development Spending and 
Grants
The two metrics used to identify Innovation 
Inputs comprise of R&D spending and grant 
funding.  Typically, the subsidy of funding for 
the two aforementioned metrics is allotted at 
the federal level.  Once distributed, funds are 
then augmented at the State and sometimes 
County level.  As a way of monitoring the al-
located funds, surveys are administered by the 
National Center for Science and Engineering 
Statistics (NCSES) and the Business R&D and 
Innovation Survey (BRDIS).  The NCSES serves 
as the national clearinghouse for the collection 
of innovation development data in science, 
engineering, technology and research (H.R., 
2010).  To obtain this data, surveys are admin-
istered cyclically to recipients of R&D spending 
and grant funding.  Similarly, BRDIS dispens-
es periodical surveys that focus on the firms/
individuals product and process of innovation. 
These results are the government s source for 
national estimates on U.S. innovation activi-
ty (Boroush, 2010).  Much of the information 
obtained through NCSES and BRDIS surveys 
include firm/individual location (County and 
State) and business code.  Other pertinent in-
formation that may be acquired includes; types 
of employees (scientists, engineers, etc.), the 
nature of the innovation (new product or new 
process), the area of focus (pharmaceutical, 
biotechnology, etc.), sales, patents, and trade-
marks (Litan, Wyckoff, & Fealing, 2014).  The 
metrics obtained, are largely comparative by 
geography and technology. 
Innovation Outputs 
Patent and Publication Counts  
Patents have proven to be another valuable 
source of information when assessing inno-
vation. They offer detailed information about 
an idea at a specific benchmark in the innova-
tion process. Patents offer specific information 
about the firms and organizations involved in 
the invention being patented. Each patent lists 
all the inventors involved and is also given an 
assignee, commonly a private firm or university 
that the inventors are working for. Individual 
patents are required to give location informa-
tion of both the assignee of the patents and 
of each inventor included. Patent location data 
that can be aggregated at different geographic 
levels depending on the jurisdiction. They can 
be used for local or regional economic analysis. 
Patents also offer detailed information about 
the industries in which the patent is being ap-
plied for. Searchable patent information can 
be found from the United States Patent and 
Trade Office through the Trademark Electron-
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Measuring Innovation and its Impacts
through private sources.  There are a number 
of challenges that arise from the format of pat-
ent information. Patents were designed to be 
accessed one entry at a time, not for counting 
purposes. Other issues arise with what infor-
mation is listed on the patent.A company may 
choose to submit the patent with the location 
that the work was done or with the address of 
their corporate office. A university usually has 
one primary location but patents and publica-
tion may be worked on by a professor visiting 
from another university somewhere else. Ac-
ademic publications follow a similar pattern. 
They offer specific information about the or-
ganizations and firms involved, the industry 
for which they are intended and the place of 
publication. Publication information was also 
not intended originally to be a measure of in-
novation and has limitations in this purpose. 
The information is not publically available like 
patents. It is available only through private 
sources like Elsevier or Web of Science.  
Prototyping 
A small portion of prototyping is measured in 
Phase I of both the Small Business Innovation 
Research (SBIR) program and the Small Busi-
ness Technology Transfer (STTR) program op-
erated by the Small Business Administration 
(SBA).  The objective of Phase I, is to determine 
the feasibility of proposed innovation endeav-
ors presented by various firms/individuals 
(Small Business Administration, 2014).  A large 
emphasis is placed on each firms/individuals 
potential to commercialize.  Distribution of 
funding for Phase I is awarded through eleven 
federal agencies.  These funds are distributed 
competitively to companies based on the mer-
its of their proposal.  This information is then 
counted at the State, County, Regional, and Lo-
cal levels in order to provide comparisons.  By 
the SBA administering funding opportunities 
through the SBIR and the STTR, the SBA is able 
to construct a database that holds various data 
elements regarding each funded firm/individ-
ual.  From these databases award amounts and 
annual reports for companies can be obtained 
by the public via the SBIR website.  However 
applicant information, company registry, and 
commercialization may only be viewed by the 
SBA (Small Business Administration, 2014). 
Commercialization Once the companies have 
moved past the prototyping/proof of con-
cept phase into commercialization their phase 
1 SBIR and STTR funding may cease; causing 
firms/individuals to obtain funding through 
private and non-SBIR/STTR allocations (Small 
Business Administration, 2014).  This sequence 
is known as Phase III of the SBIR and STTR pro-
gram. if companies are still a part of the pub-
lic funding of the SBIR and STTR programs at 
this point then they will continue to be in the 
database regarding SBIR and STTR recipients 
and data regarding firm awards, industry, and 
location will still be accessible. 
Innovation Process Metrics 
Start-Ups 
Start-Ups are a common metric used to mea-
sure entrepreneurship within the Innovation 
Process.  Start-Up location data is typical-
ly amassed at the regional and local level. 
To gain insight into business formation and 
growth, a majority of Start-Ups can be found 
in the Longitudinal Business Database (LBD) 
(Jarmin & Miranda, 2002).  Sources such as the 
Business Register, the Economic Census and 
microdata surveys administered by the U.S. 
Census Bureau provide the numbers for the 
LBD (Jarmin & Miranda, 2002).  Data includ-
ed in the LBD consists of firm size, age, sector, 
business growth, and job gains to mention a 
few.  Due to privacy concerns, this data is only 
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Innovation-Led Economic Development in Howard County Maryland
Innovation Clusters 
Innovation clusters are a location based met-
ric that looks at the concentration of related 
industries in a particular geography.  This con-
centration of companies in theory shows that 
there are elements in place that attract these 
companies together whether it be shared re-
sources or facilities such as universities near-
by.  This also shows that the area is uniquely 
competitive in that particular type of industry. 
This gives an indicator of what industries the 
proposed area should focus their work on pro-
moting and assisting.  These clusters can be 
identified at different levels of geography from 
counties up to regions and larger.  Innovation 
clusters provide a peek into what industry or 
technology an area should focus on, but does 
not provide more granular information on 
what strategies to pursue in order to take ad-
vantage of this information (US Economic De-
velopment Administration, Harvard Business 
School, 2014). 
Innovation Indexes  
The innovation index is another method that 
is used to compare places based on how inno-
vative they are.  This method brings together 
several innovation measures to create a mea-
sure that reflects multiple innovation inputs in-
cluding  patent counts, research and develop-
ment spending, change in hi-tech employment 
share, average unemployment rate, and pop-
ulation ages 25 to 64 with bachelor s degree 
(U.S. Economic Development Administration). 
Indexes are most useful as a means of com-
paring one geographic area to another when 
there are multiple interacting variables.  Inno-
vation indexes are employed at various levels 
of geography including global innovation in-
dexes that compare countries, State compari-
son indexes such as the StatsAmerica Innova-
tion index, and in rare cases at the municipal 
level such as in New ork City (New York City 
Economic Development Corporation, 2011)
(Cornell University, INSEAD, WIPO, 2015)(US 
Economic Development Administration, n.d.) 
Innovation Social Networks
For our project we use the information listed in 
patents and research grants to develop a social 
network of who s working with whom. Rather 
than look at the total number of patents we 
are trying to locate potential clusters of peo-
ple and organizations in common industries 
with some tie to Howard County. We look for 
strong ties, which are direct connections be-
tween individuals or organizations and weak 
ties, which are potential connections. They in-
clude firm, industry and geographic specific 
data and can be conducted at local or regional 
scope. The data is available through primarily 
public sources.  
Innovation Outcomes 
Solow Residual  
The measurement of innovation is mostly done 
through the inputs and outputs of the process. 
However, there is another way to try to see if 
there is innovation occurring in an area.  This is 
through the Solow Residual which is a round-
about way of doing this.  The basic idea of 
how this metric works is to measure economic 
growth by known means, capital accumulation 
and labor change, and what can t be explained 
by these is the Solow Residual (Investopedia, 
n.d.).  So this metric is not measuring innova-
tion per se, but the economic growth that is at-
tributable to technological change.  This tech-
nological change is generally considered to 
mean innovation.  A main issue with this metric 
is what an economic developer can do with 
the information since it is a macroeconomic 
measure so it is not useful at the local level. 
Since the residual does not provide informa-
tion on how to improve upon the innovation 
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Measuring Innovation and its Impacts
benefit to a jurisdiction.  Also, the residual is 
restricted to use at the national level so com-
parisons can only be made between countries 
which limits the measures use. 
Conclusion  
The measurement of innovation is important if 
economic development practitioners and city 
officials want to be able to harness the power 
of this phenomena.  This means it will be im-
portant for these methods to be both under-
standable and practical so that the results of 
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Innovation-Led Economic Development
Innovation Led Economic Development en-gages different resources from different lev-
els of government including Federal, State, 
and Local sources. Funding for research and 
development, accelerators, makerspaces, and 
innovation districts – all discussed below - 
are some of the ways in which innovation is 
spurred in communities.  These resources are 
targeted specifically for job creation within the 
technology sector of the economy.
What are the principal activities or tools 
involved in an ILED strategy? 
How do we create an innovation ecosystem? Essentially, the components that deter-
mine the successful implementation of ILED 
can be divided into two major parts: The hard-
ware (assets) and the software (culture). One 
can also describe it as the overlay of economic 
(firms and institutions as innovation drivers), 
physical (public or private, accessible spaces) 
as well as networking (ties between actors that 
facilitate flow of ideas) assets. Both parts work 
together to foster a nurturing business climate 
that helps innovation networks flourish while 
their companies grow and succeed. Some of 
the tools and strategies involved in ILED in-
clude: 
Innovation Districts 
Makerspaces, Accelerators & Cowork-
ing Spaces 
Local, State, and Federal Initiatives 
Innovation Districts 
Innovation Districts constitute one approach 
through which innovation ecosystems can be 
established. These can be defined as areas 
within specific geographic boundaries, where 
one can find a combination of anchor insti-
tutions, start-ups as well as established com-
panies, business incubators and accelerators. 
Within this intertwined framework of different 
actors, the business climate consists of open 
collaboration, trust relationships as well as 
mutually beneficial idea sharing. The location 
of such innovation districts can range from 
downtowns and midtowns of central cities to 
industrial, suburban or even exurban areas. 
The method to build such geographically de-
fined innovation ecosystems is to pre-estab-
lish a collaborative leadership network and 
link those actors to a specific growth vision 
that should be achieved. Moreover, a skilled 
workforce and a well-developed infrastruc-
ture constitutes the innovation drivers of the 
district (Katz & Wagner, 2014, p. 1-14). Espe-
cially important in this context is the commu-
nity engagement component as it is particu-
larly important factor in developing distressed 
neighborhoods and having the community in-
volved during the development process early 
on is vital to the success of these strategies. 
Chattanooga, Tennessee’s 140 Acre Innovation 
District Chattanooga has used its three main 
assets to create an innovation district: quality 
placemaking, unusual anchor institutions, and 
a highly collaborative innovation ecosystem.
1  Chattanooga has invested in its former 
industrial downtown and transformed 
it with riverfront parks and cultural 
institutions in order to create down-
town living scene.
2   Chattanooga’s economic revival  came 
from investments from the Electric 
Power Board of Chattanooga and the 
Department of Energy’s Smart Grid 
and have created “the world’s most 
extensive municipal high-speed inter-
net networks.”
3   Chattanooga’s innovation district was 
created only through genuine collab-
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Makerspaces, Accelerators, & Coworking 
Spaces 
Operating on a more micro level compared to 
innovation districts, makerspace and co-work-
ing spaces are effective methods to foster the 
flow of ideas as well as prototype creation 
among diverse group of people and thus, 
spurring innovation. Makerspaces describe 
physical locations where tools and sometimes 
expertise are provided to a wide range of indi-
viduals within a collaborative community en-
vironment. Co-working space similarly offers 
a physical environment in which people can 
work, exchange ideas and create closer rela-
tionships with each other. Compared to mak-
erspaces, co-working space focuses more on 
establishing ties and fostering the flow of ideas 
instead of producing specific prototypes as a 
business startup.
Oxygen Accelerator is a British company that 
focuses on supporting startups in the technol-
ogy sector. In order to increase their chances 
of success, the company offers an intensive 
program to the participants, providing exper-




Local, State, & Federal Actions 
In this context, local, state and federal action 
play a key role in providing major incentives 
to foster and accelerate ILED. For instance, ac-
cording to the SSTI report on “Trends in Tech-
based Economic Development: Local, State and 
Federal Action in 2013”, promoting economic 
growth through targeted expansion of research 
capacity as well as commercializing research is 
an effective long term strategy ( STI, 2013, p. 
1-32). In addition, revising and implementing a 
higher education policy to fulfill the increased 
demand for a highly skilled workforce that 
requires fewer training resources, is another 
effort that can be made on a local as well as 
state level. Thus, investing in skilled workforce 
development programs is fundamental as an 
innovation driver. Another strategy consists of 
increasing access to capital by providing local 
and regional funding programs as well as offer-
ing tax incentives is a common policy effort to 
ensure economic development. In this regard, 
implementation and support of accelerators 
and tech hubs are core elements of ILED. Small 
business incubators and accelerators support 
startups with tools and strategies to succeed 
as a business. Taking this into consideration, 
the aspect of maintaining a social network that 
provides the foundation for active interaction 
and exchange of ideas is essential. Those kinds 
of ideas are often developed during research 
on a university level. Universities serve as an 
important connection between research and 
the private sector and often provide the social 
as well as physical network that can spur entre-
preneurship. For ILED to function, public and 
private sectors have to collaborate and benefit 
from each other. In general, promoting a cul-
ture of entrepreneurship on both public and 
private level is fundamental in creating a busi-
ness climate that encourages risk-taking, angel 
investment activity, community as well as me-
dia support and eventually changes conserva-
tive entrepreneurial corporate culture into an 
innovative one.
What problems or opportunities do 
ILED strategies address? 
ILED strategies address stagnant economies by tapping into existing resources in order to 
create job and improve the local economy. Big 
economic gains are achievable through Inno-
vation Led Economic Development strategies 
that can fuel job growth.  Increased innovation 
and start-ups are the ultimate job creators that 
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Innovation-Led Economic Development
create economic value and gains for the Amer-
ican economy.  For example, Brad Feld’s dis-
cusses in his new book Startup Communities 
his experience in building an entrepreneurial 
ecosystem in Boulder, Colorado. To build this 
ecosystem Feld spent a lot of time creating 
connections and relationships among entre-
preneurs, mentors, and education institutions 
(Feld, 2012).  Over the long term, relationship 
building and social networks can improve stag-
nant economies.
For ILED strategies to work efficiently, it is 
important that initiatives promote economic 
growth in targeted sectors that are either unique 
to the local economy or have the potential to 
grow. This can be done through expanding re-
search capacity at local educational institutions 
and providing resources to help commercialize 
the research.   In many states Governors and 
policymakers prioritized funding toward these 
types of initiatives in 2013 (SSTI, 2013)  to pre-
pare the economic environment for expanding 
economic value/gain and new job growth in 
high-tech fields.  For instance, in the state of 
Colorado, lawmakers approved the launch of 
an advanced industries accelerator program 
to provide grants for proof-of-concept and 
infrastructure (SSTI, 2013).  Many states have 
passed laws and made policies regarding ex-
panding research capacity and commercializ-
ing the research, however, the states of New 
York’s policy making role has particularly been 
pretty impressive in this regard.
In order to adopt ILED strategies for better 
economic gain, a community’s workforce must 
possess the necessary skills.  A recent survey 
of 24 countries found that U.S adults are less 
proficient in basic reading, math, and problem 
solving skills compared to many of their in-
ternational counterparts (SSTI, 2013). As such, 
U.S. economic policies should be geared to-
ward reversing this trend by directing resourc-
es towards workforce training programs. This 
skill mismatch problem has captured policy-
makers and practitioners’ attention, and they 
are in quest of capitalizing on shifting demo-
graphics of U.S population.  Recruiting more 
minorities, and females, and education and 
training more focused on STEM (Science, Tech-
nology, Engineering, Medicine) fields are pop-
ular approaches.  For instance, in the state of 
Maryland, lawmaker passed a bill establishing 
the Maryland Employment Advancement Right 
Now (EARN) program and also provided $4.5 
million in FY14 budget for competitive grants 
to bridge the gap between employer needs 
and worker skills through education and train-
ing.  This is an example of an industry partner-
ship that can better connect workforce training 
collaborations between business, government, 
and nonprofit organizations.  Until 2013, in-
cluding Maryland, 17 States has passed bills to 
address the skill mismatch between businesses 
and employees focusing on investing in skilled 
workforce.
R&D (Research & Development) sector is quite 
active in the U.S, and is effective in trying to 
innovate more and faster for common good 
and economic gain.  However, for this purpose, 
significant public funding is being provided to 
R&D sector.  Therefore the transparency issue 
aroused and increased scrutiny surrounding 
public investments prompted the passage of 
legislation in several states aimed at great-
er accountability for economic development 
activities.  Many states have taken forefront 
position in this regard and have passed laws 
to bring more transparency and accountabil-
ity to economic development departments in 
those states. For instance, Gov. Mike Pence of 
Indiana signed a bill that specifically requires 
the Indiana Economic Development Corp. to 
aggregate information on performance goals, 
jobs created, expected jobs, recaptured incen-
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Traditional Economic Development Analysis
Introduction Located in central Maryland thirty minutes west of Baltimore and an hour north 
of the nation s capital, Howard County has a 
strategic position within a strong metropolitan 
economy. Johns Hopkins University s Applied 
Physics Lab, Lorien Health Systems, and Leidos 
(formerly SAIC) call Howard County home and 
are major employers in the County each em-
ploying over 1,000 workers.  The area s high in-
come and recognition as one of the top places 
to live in the country show that the County has 
a great deal of appeal and opportunity to offer 
current and potential residents and businesses. 
Demographics Howard County, according to 
the American Community Survey 2014 5-year 
estimates, has a total population of 299,269 
people and a median age of 38.6. Howard 
County is among the most affluent counties in 
the U.S., with a median household income of 
$110,133 as of the 2014 ACS 5-year estimates. 
The County is fairly racially diverse; the popu-
lation is 61 percent white, 18 percent black, 15 
percent Asian and 6 percent Hispanic.  Accord-
ing to ACS 2014 5-year estimates, close to 19 
percent of Howard County s residents are born 
in a foreign country while 23 percent speak a 
language other than English at home.
Workforce and Education Howard County has 
high levels of educational attainment and a 
strong labor force. Of the population over 25 
years of age, almost 95 percent have a high 
school diploma while 60 percent hold a bach-
elor s degree or higher. Of adults 16 and over, 
170,382 are in the labor force, according to 
ACS 2010-2014 estimates. As of the U.S. Cen-
sus 2013 County Business Pattern data, there 
are 8,946 establishments in Howard County.
Commuting Analysis of the commuting pat-
terns of Howard County shows that the majori-
ty of the residents also work in the vicinity, but 
many work outside of the County and many 
commute in.  112,426 workers live outside but 
commute into the County, 99,724 live in but 
commute out of the County, and only 37,697 
people both live and work in Howard County, 
according to U.S. Census and LEHD s 2013  on 
the map  analysis. (http://onthemap.ces.
census.gov/, image source) The average com-
muting time for residents is 30 minutes and 
27% of the residents work in Howard County, 
14% work in Montgomery County, 11% work 
in Baltimore City and about 10% each work in 
Baltimore County, Anne Arundel County, and 
Prince George s County.
Innovation Index 
The innovation index is a product of StatsA-
merica and is a tool that measures innovation 
potential by taking into account human cap-
ital, economic dynamics, productivity & em-
ployment and economic well-being. Compar-
ing Howard County, Maryland, and the U.S., 
Howard County has a strong innovation index, 
indicating that by traditional measures, How-
ard County has a significant advantage for de-





Howard County Cluster Anal-
ysis
Results from two major sources cluster anal-ysis resources, U.S. Cluster Mapping and 
StatsAmerica, have been used to analyze the 
industry clusters in Howard County according 
to the most recent available data.  
U.S. Cluster Mapping 
Table 1: Top six traded clusters listed by high-
est employment location quotient as identified 
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Innovation-Led Economic Development in Howard County Maryland
Marketing, Design and Publishing 
Among all the identified top clusters, the Mar-
keting, Design, and Publishing cluster has the 
largest LQ value of 3.10 and 7,805 jobs.  Indus-
try clusters which have both high LQ and rel-
atively high total employment typically form a 
region s economic base.  Both LQ value and the 
number of jobs for the Marketing, Design, and 
Publishing cluster demonstrate this cluster s 
importance for the County s economy.  Adver-
tising Related Services sub-cluster is home to 
3,969 of the total employees of Marketing, De-
sign and Publishing cluster, followed by 3,530 
employees in the Other Marketing Related 
Services sub-cluster.  Maryland ranks 11th in 
the nation employing 8,719 people in Adver-
tising Related Services sub-cluster, and out of 
those 8,719 jobs, almost half of them are alone 
in the Howard County; this shows that Adver-
tising Related Services sub-cluster does have a 
strong economic base for the Howard County. 
Also, it is encouraging to note that analysis of 
previous few years shows that both Advertising 
Related Services and Other Marketing Related 
Services sub-clusters are among the fast grow-
ing industry clusters in Howard County and 
taking Maryland s ranking in these sub-clusters 
up every year.
Environmental Services  
The Environmental Services cluster in Howard 
County has a very high LQ at 2.08 for a cluster 
that employ very few people; U.S. Cluster Map-
ping lists current Environmental Services or  its 
current  employment at 396. The cluster is 
broken into two smaller sectors: Waste Pro-
cessing and Waste Collection. Howard County 
ranks 34th in Waste Processing and 120th in 
Waste Management among all U.S. counties. 
While the County remains at the forefront in 
these sectors, they are slowly declining with 
an estimated job loss of 59 between 1998 and 
2013. 
Communications Equipment and Ser-
vices 
The Communications Equipment and Services 
cluster has a slightly lower LQ than Environ-
mental Services but employs more people than 
Environmental Services and Recreational and 
Small Electrical Goods at approximately 2,000 
employees. The cluster consists primarily of the 
Communications Equipment and Communica-
tion Services subclusters. While the Communi-
cations Equipment subcluster has lost over 300 
jobs in the last 15 years, the Communications 
Services subcluster has added over 800 and is 
likely to remain an important cluster/source 
of employment in Howard County for some 
time. One of the largest employers in Howard 
County is Verizon. With over 1,300 employees 
this firm likely contributes significantly to the 
strength of this cluster. 
Description Cluster - Employment Cluster Employ-ment LQ
Marketing, design and publishing 7,805 3.1
Environmental services 396 2.31
Communications equipment and services 2,000 2.16
Recreational and Small Electric Goods 528 1.71
Education and knowledge creation 10,018 1.69
Business Services 35,828 1.64
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Traditional Economic Development Analysis
Recreational and Small Electric Goods 
With a strong LQ of 1.71, the Recreational and 
Small Electric Goods cluster has a reasonable 
number of jobs at 528. The LQ value of this 
cluster shows that the County does have a 
good economic base in this sector.  However, 
it is encouraging to note that the analysis of 
past employment data shows that the number 
of jobs is steadily increasing, and the County 
can potentially grow in this sector and increase 
its economic base.  The Recreational and Dec-
orative Goods sub-cluster is the main source of 
employment with 395 jobs in Recreational and 
Small Electric Goods cluster.
Education and Knowledge Creation 
According to U.S. Cluster Mapping, as of 2013, 
Howard County s Education and Knowledge 
Creation cluster employs 10,018 people and 
has a location quotient of 1.69. The Research 
Organization subcluster is home to 8,295 of 
these employees, distantly followed by 579 
employees in the Training Programs subclus-
ter, 550 in Colleges, Universities, and Profes-
sional Schools, 375 in Education Support Ser-
vices, and 219 in Professional Organizations. 
CMlink The significant Howard County Re-
search Organization subcluster ranks 16th in 
the U.S. in terms of employment, and the Balti-
more-Washington-Northern Virginia Econom-
ic Area ranks 2nd in the U.S., outranked only by 
New York City. CMlink
Business Services 
The Business Services cluster in Howard Coun-
ty employs 35,828 people, with a location quo-
tient of 1.64. The top subcluster is Computer 
Services, employing 13,158, and ranks Howard 
County 32nd in the country in employment. 
Computer Services is followed by Corporate 
Headquarters at 7,655, Business Support Ser-
vices, 6,029, and Engineering Services with 
5,413. Consulting services has 2,502 employ-
ees, with Employment Placement Services, Ar-
chitectural and Drafting Services, and Ground 
Passenger Transportation providing small-
er shares of employment. CMlink The Balti-
more-Washington-Northern Virginia Econom-
ic Area ranks first in the nation in Computer 
Services, employing a total of 248,924 people.
StatsAmerica  
Table 2 shows the top clusters in Howard 
County according to StatsAmerica.
Description QCEW Cluster - Employ-ment
Cluster Employ-
ment LQ
Info. Tech. & Telecommunications 20,555 3.37
Defense & Security 22,936 2.62
Business & Financial Services 29,312 2.08
Energy (Fossil & Renewable) 14,295 1.99
Advanced Materials 9,326 1.81
Computer & Elect. Product Mfg 1,371 1.1
 Table 2: The top traded clusters by highest employment location quotient as identified by the 
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Innovation-Led Economic Development in Howard County Maryland
Information Technology & Telecommu-
nication 
With the largest LQ value of 3.37, the Informa-
tion Technology & Telecommunications cluster 
provides 20,555 total jobs in Howard County. 
A high LQ value paired with high employment 
indicates that the Information Technology 
cluster is one of the major economic bases for 
Howard County.  For this cluster, both the LQ 
value and the numbers of jobs are encourag-
ing, showing that the Information Technology 
& Telecommunications cluster is a source of 
potential economic opportunities for Howard 
County. 
Defense & Security 
Defense & Security is the second strongest 
cluster is the in Howard County with an impres-
sive LQ value of 2.62.  The Defense & Security 
cluster has been growing in the past few years 
and no doubt Howard County s strategic loca-
tion near Federal government agencies plays a 
key role. In 2010, the LQ for the Defense & Se-
curity cluster was 2.27, a value which has since 
increased dramatically to 3.37. This indicates 
strong growth in this sector, and that the De-
fense and Security Cluster may be important to 
Howard County s economic future.  
Business and Financial Services
This is the largest cluster for employment in 
Howard County with almost 30,000 employ-
ees. It also has a relatively high LQ of 2.08. This 
combination of factors makes this cluster im-
portant for the County. One drawback is that 
the definition of this cluster includes a very 
wide variety of establishments, encompassing 
everything from architectural services to law 
offices to advertising agencies which makes 
it difficult to determine the areas of strength 
for the County within the cluster. It includes by 
far the most number of establishments of any 
clusters at over 2,390 (out of 9,259 total in the 
County). 
Energy (Fossil and Renewable) 
Energy appears as a major cluster in both em-
ployment numbers and LQ.  Although this 
sector has grown in terms of employment be-
tween 2010 and 2013, from 13,756 employees 
to 14,296, the LQ has dropped somewhat from 
2.12 to 1.99. While this sector remains strong 
for Howard County, the LQ could be a sign that 
the County is losing its competitive edge in this 
cluster. 
Advanced Materials 
Howard County s Advanced Materials cluster 
employs 9,326 people, with a location quotient 
of 1.81 and 155 establishments.. Advanced 
Materials encompasses everything from fiber 
optic cable manufacturing to office machinery 
manufacturing to scientific research and de-
velopment services.  Computer and Electron-
ic Product Manufacturing Howard County s 
Computer and Electronic Product Manufactur-
ing cluster employs 1,371 people and has a lo-
cation quotient of 1.1. Howard County has 34 
establishments in this cluster, and there are no 
subcategories. 
Engineering Services (54171 NAICS 
code) 
According to StatsAmerica the Energy Clus-
ter  is the 4th biggest cluster in the county 
in terms of employment location quotient and 
has an LQ of 1.99. Within this cluster, however, 
are a variety of industries which may or may 
not accurately reflect what would typically be 
considered energy-related industries. Among 
them are  engineering services  and  testing 
laboratories  which may also be incorporating 
some of the firms that are also included in the 
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Traditional Economic Development Analysis
Services Clusters, creating a potential false im-
pression of a strong industry.  
Notably included in the  Energy Cluster   is 
the NAICS Code 54171,  Engineering Services. 
It has a very high 9.6 LQ as well as 2,000 jobs. 
Firms included in this code are boosting the 
LQ result for the overall  Energy Cluster . 
This more detailed information is extremely 
valuable, and it is worth for Howard County to 
plan a further growth strategy for 54171 NA-
ICS Code industries, rather than the entirety of 
the  Energy Sector .
Wireless Telecommunications Carriers 
(51721 NAICS code) 
Another example of large employment LQ val-
ues that are buried under agglomerated clus-
ters is Wireless Telecommunications Carriers, 
NAICS Code 51721.  According to U.S. Cluster 
Mapping, the  Communications Equipment 
and Services  cluster is the third largest clus-
ter in Howard County with an LQ value of 2.16, 
and according to StatsAmerica the  Informa-
tion Technology & Telecommunication  clus-
ter is the largest in Howard County with a 3.37 
employment LQ.  If further analysis is done by 
looking into specific industry NAICS code for 
telecommunication-related industries, it shows 
that industry cluster with NAICS code 51721 
which is  Wireless Telecommunications Car-
riers  has a 9.69 LQ.  This significantly high-
er LQ indicates that the strength of this more 
specific industry is hidden by the relatively low 
LQ of the larger cluster. 
U.S. Cluster Mapping and StatsAmerica are two 
well-respected, national websites often relied 
upon for cluster identification and analysis. 
However, they use different methods to de-
fine clusters, and therefore can yield different 
and sometimes conflicting results, as seen in 
the case of Howard County. While they both 
use NAICS industry codes for individual firms, 
they are aggregated differently into larger 
categories, as in the case of U.S. Cluster Map-
ping s  subclusters.  Some of these subclus-
ters may be very significant compared to their 
subcluster mates, but their strength is diluted 
by counting the weak and strong in the same 
overall cluster. Furthermore, US Cluster Map-
ping assigns NAICS codes to only cluster, while 
StatsAmerica allows one code to be counted 
in multiple clusters. Where innovation is con-
cerned, cluster definitions can be restrictive in 
that they are static and do not necessarily ad-
just to include new, emerging fields and tech-
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Spatial Analysis:  Creating an Innovation District
When conducting a spatial analysis of the innovation technology clusters in How-
ard County, we cannot neglect to take the 
greater regional context into account. In or-
der to accomplish this, we acquired Longitu-
dinal Employer-Household Data (LEHD), which 
was provided by the United States Census Bu-
reau. This data describes the number of jobs 
in different industry sectors within the State 
of Maryland, categorized by NAICS code. The 
following spatial analysis was created by using 
ESRI s geoinformation software ArcMap. The 
point data representing the amount of jobs in 
different industry sectors was joined to census 
block group polygons, in order to perform a 
spatial Hot Spot analysis. Depending on the in-
put value, that is, the attribute describing the 
amount of jobs in each respective industry sec-
tor, a mathematical calculation using the GiBin 
coefficient was performed. The results of this 
analysis can be viewed below. 
The LEHD maps illustrate the hot spots based 
on the amount of jobs in specific sectors with-
in the state of Maryland. In terms of the In-
formation sector, Professional, Technical and 
Services, Manufacturing as well as Real Estate, 
Rental and Leasing, hot spots are located in the 
Columbia area of Howard County. Thus, taking 
the results presented by the spatial hot spot 
analysis into consideration, one can conclude 
that the Columbia area is an important re-
gional stronghold for these types of industries. 
Compared to the rest of the state, there are 




As part of our analysis of Howard County we 
performed a spatial analysis in order to pin-
point spatial locations for placed-based strat-
egies.  This was done by identifying clusters of 
innovative companies using the ESRI ArcMap 
program.  To begin this process the innova-
tive companies from the dataset used for the 
network analysis that were located in Howard 
County were geocoded into a point shapefile. 
Afterwards a kernel density analysis was done 
on the company point shapefile to determine 
if any clusters of companies existed.  This out-
put can be seen in Figure X.  Once the three 
cluster locations were identified Columbia 
mall/Columbia Downtown, Route 100/Route 
108, and Southern Snowden River Parkway an 
evaluation was undertaken on each to deter-
mine the suitability of the site for an innovation 
district and other place based strategies.  This 
evaluation was done by looking at the current 
conditions and the mix of companies.  This in-
cluded looking at the current land uses, what is 
planned for the areas, and any other opportu-
nities that were available.  The Columbia Mall/
Columbia Downtown area was ruled out as a 
possible location to focus strategies because 
it was already well built out and had a plan in 
place for its future development.  The Route 
100/Route 108 location was ruled out due to 
its difficult location for making any infrastruc-
ture changes because of the surrounding res-
idential areas.  The Southern Snowden River 
Parkway site is mainly comprised of industrial 
and commercial uses and has opportunities for 
cheap warehousing space and connections to 
future transportation projects.  Based on this 
information we chose the Southern Snowden 
River Parkway site to focus our place-based 
strategies on.
Snowden River Parkway Inno-
vation District 
The results of our spatial analysis of innovative 
companies located in Howard County resulted 
in four main clusters. The four clusters are locat-
ed around the Columbia Mall and downtown 
area, the area north of Snowden River Parkway 
and east of Route 175, the area in between 































































Created with NodeXL (http://nodexl.codeplex.com)
Innovation-Led Economic Development in Howard County Maryland
of Snowden River Parkway. Of the four clusters, 
the area south of Snowden River Parkway has 
the most potential and opportunity for an es-
tablished innovation district in Howard County. 
Establishing a district with specific geograph-
ic boundaries can help the county create an 
innovative ecosystem that can further attract 
more businesses and startups to the area. The 
area south of Snowden River Parkway will be 
a physically challenging site for an innovation 
district but with strategic planning it can prove 
to be a successful place for businesses. Below 
we discuss the area s land values, infrastruc-
ture, walkability, existing businesses, and give 
detailed parcel information on each innovative 
company located within the proposed district 
boundaries (see table 1 below). We will also 
address some of the challenges in this area 
and provide examples and models of other in-
novation districts in other parts of the U.S. 
Snowden River Parkway Innovation 
District: Land Value, Infrastructure & 
Walkability  
The total area is 2,482 acres. The buildings with-
in the area cover 315.61 acres and 530.81 acres 
are paved parking lots. Within the area defined 
as the Southern Snowden River Parkway inno-
vation district, 1,168 acres are industrial land 
uses, 1,061 acres are commercial land uses, 
and a small percentage is residential, primarily 
townhomes. The zones present are Manufac-
turing: Light (M-1) and New Town (NT). The 
average land value is $432,872 per acre for 
the properties housing innovative companies. 
Although industrial land use and zoning has 
been decreasing in Howard County and the 
larger region, land near this potential innova-
tion still has appropriate zoning for manufac-
turing and light industrial and is competitively 
priced compared to other areas. The average 
land value per acre is $241,772 for properties 
in M-1 zones in the County. The demand for 
these properties indicates that companies will 
pay a higher price to be in the Columbia area. 
There is also an apparent need for economic 
incentive and affordable warehouse space to 
provide the opportunity for innovative startup 
companies to enter the market and grow their 
company in Howard County s most innovate 
area, when they may not otherwise be able to 
do so.
According to Walk Score, this area is car-de-
pendent which represents a challenge in fos-
tering a district with high level of face to face 
contact. However, there is room for improve-
ment in the area through the creation of ame-
nities and cultural destinations such as restau-
rants, shopping, parks, and public space. Doing 
so will increase walkability in the area which 
will result in more face to face interactions.
The area is also  lacking in access to groceries, 
parks, schools, and culture & entertainment lo-
cations. 
Existing Innovative Businesses 
There are thirteen technologically innovative 
businesses in this district: ACELL Inc., Advanced 
Technology & Research Corporation, Envie-
ta Systems LLC, Masstech, Osiris Therapeutics 
Inc., Science & Engineering Services Inc., Next 
Century Corporation, Bowles Fluidics, Ibiquity 
Digital Corporation, Raba Equity Partners LLC, 
and Universities Space Research Association. 
Using the NodeXL software, each company 
was grouped based on their ties to one anoth-
er. While most companies were grouped into a 
Defense and Security group, Osiris Therapeu-
tics Inc. and ACELL Inc. are in a Regenerative 
Medicine cluster group. Additionally, Raba Eq-
uity Partners LLC and Ibiquity Digital Corpora-
tion were grouped in the Telecom, networks, 
and cyber technology cluster. 
Osiris Therapeutics Inc. has high betweenness 
centrality, closeness centrality, eigenvector 
centrality, and page rank. ACELL Inc. is also 
towards the higher end in terms of closeness 
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Spatial Analysis:  Creating an Innovation District
may be key for leveraging connections and re-
sources with other businesses. Table 1 below 
outlines more detail about each of these com-
panies including the property owner, land val-
ue, acres, 2015 property taxes, and the zone.   








Research $4,039,300 $10,779,867 8.43 $101,223 M-1
Masstech GATEWAY CROSS-ING 95 LLC $3,938,600 $6,357,500 8.22 $95,663 M-1




GATEWAY A 74 & 
A 76 LLC $22,650,100 $42,000,000 115.55 $667,125 M-1




VERSITY OF MD 
MEDICAL
$2,467,600 $7,417,400 5.15 $10,979 M-1






$844,100 $4,021,300 3.23 $59,344.70 NT
Raba Equity Part-
ners LLC
MERRITT CCP III 
LLC $3,014,700 $19,317,200 7.69 $275,305.93 NT
Ibiquity Digital 
Corp.
MERRITT CCP V 








LAND LLC $9,516,100 $21,492,633 19.86 $317,872.89 M-1
Table 1. Southern Snowden River Parkway Innovative Company List 
Land Use Category Acres Percent
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Innovation-Led Economic Development in Howard County Maryland
Creating an Innovation Dis-
trict 
In addition to economic assets, successful inno-
vation districts have three types of physical as-
sets: public, private, and connective. Econom-
ic assets are the innovative companies within 
the district that fall into a subset of industries, 
including research-oriented sectors and spe-
cialized, light manufacturing (Katz & Wagner, 
2014). An integral part of identifying areas with 
potential for an innovation district is finding an 
area with a concentration of businesses within 
the defined sectors. Several strategies of spatial 
analysis have been performed to find suitable 
areas with a concentration of the innovating 
businesses analyzed. After identifying the an-
chor institutions and the geographic boundar-
ies of the area designated for implementation 
of this strategy, recommendations for encour-
aging growth can focus on the physical assets 
needed in the area. 
Physical assets of effective innovation districts 
include those that are public, private, and 
physical assets that bring the disparate parts 
of the district together or connect it to the 
wider region. Public physical assets are spac-
es that facilitate interaction and provide space 
for informal meeting and collaboration. The 
design of the infrastructure within an innova-
tion district should help connect the inventors 
and entrepreneurs working within it. Because 
of the nature of innovation districts, assets in 
the public realm are generally created to work 
with the high-tech tools used by industry pro-
fessionals and encourage networking. Physical 
assets may also be housed in privately owned 
buildings. 
Private physical assets fill a need, such as 
neighborhood retail and flex work space or lab 
space. They may also take the form of a specific 
design tactic, such as floor layouts that encour-
age interaction and encounters. The value of 
physical assets like this has been underscored 
Industrial Land Use Acres Percent





Other Industrial 303.99 26%
TOTAL 1167.95 100%
Table 3:  Industrial Land Uses within the proposed innovation district





Other Commercial 244.08 23%
Total 1061.32 100%
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Spatial Analysis:  Creating an Innovation District
because individuals, not groups or leaders, will 
be the ones that must form linkages and do 
the work needed to create effective partner-
ships. This knowledge was the basis for the 
design of Pixar s office and many other innova-
tive and successful companies that stress the 
importance of networking (Hwang & Horowitz, 
2012, p. 206). 
Physical assets that connect the district to the 
larger area are important to prevent the inno-
vation district from becoming an island within 
its larger context. These strategies may include 
providing regional transit access or the exten-
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As has been discussed in The Nature of Inno-vation section, innovation may be thought 
of as a series of activities, [list research, inven-
tion, proof of concept, commercialization  and 
refer to the figure] ranging from research to 
invention to commercialization and everything 
in between. Social network models are being 
used to investigate the social structures and 
dynamics that occur within these activities. 
Network models are comprised of nodes rep-
resenting people and organizations involved in 
innovation, and lines (also called ties or edges). 
Nodes typically represent people but can also 
represent organizations and places.  Ties rep-
resent a relationship between nodes and iden-
tify opportunities for future innovation based 
on patterns.
We use U.S. patent data, SBIR grant data, STTR 
grant data, and publication counts to model 
innovation social networks, or innovation net-
works.  Below are detailed descriptions of how 
nodes, edges, and ties model innovation.
Nodes, also known as vertices, are points on 
a social network graph that represent individ-
uals, organizations or places. Each node is as-
signed attribute data that allows them to be 
connected with ties. Ties connect individuals 
and organizations with all other individuals 
and organizations they have collaborated with. 
Places are connected with all organizations and 
people who have worked in that jurisdiction.
Edges can be described as links or ties that form 
relationships between two nodes.  These rela-
tionships formed, represent network proximi-
ty, association, investment, trade, hyperlinking, 
and citation (Hansen, Shneiderman & Smith, 
2011).  By utilizing the graph theory method 
to represent the aforementioned connections, 
edges can be examined by the connection type 
as well as the connection strength.  The  con-
nection type,  describes whether the edge is 
directed or undirected.  Directed edges, show 
a clear connection between the nodes origins/
destinations and are displayed as lines with ar-
rows pointing to the specific nodes (Hansen, 
Shneiderman & Smith, 2011).  Characteristi-
cally, these types of edges may or may not be 
reciprocated (Hansen, Shneiderman & Smith, 
2011).   Alternatively, undirected edges do not 
display a clear connection between a node s 
origin and destination and are displayed as 
lines attached to nodes with no arrows.  How-
ever, these edges cannot exist unless recipro-
cated (Hansen, Shneiderman & Smith, 2011). 
The  connection strength,  is defined as ei-
ther weighted or unweighted.  Weighted edg-
es include variables that delineate whether 
the edge connecting nodes exhibits a strong 
or weak tie and will be displayed as a thin or 
thick line weight depending on its connection 
strength.  Unweighted edges only indicate that 
an edge exists and are displayed as thin lines 
(Hansen, Shneiderman & Smith, 2011).
In terms of social network analysis, ties 
strength indicates the type of relation between 
two nodes.  In other words, examining the 
strengths between ties engages the viewer to 
understand the closeness and extend of the re-
lationship that exists between different nodes. 
This strength can persists as strong or weak. 
In social network analysis, strong ties between 
nodes or edges signify friendly and interactive 
relationships amongst the specified fields or 
industry sectors.  On the other hand, weak ties 
signal less interaction and collaboration be-
tween the connected nodes or edges.  Hence, 
both strong and weak ties lend the possibility 
for potential connection in the future amongst 
and between these fields of common interests. 
To explore the topic of tie strength more, an 
example displays the interaction of strong and 
weak ties with nodes. For instance, nodes con-
nected by weak ties generally imply the nodes 
work with similar technology, while nodes con-
nected by strong ties usually imply the nodes 
work together on particular projects. Thus, 
weak ties express the product creation type 
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Innovation-Led Economic Development in Howard County Maryland
gether on a given project. 
Network Metrics 
One of the benefits of analyzing networks is the ability to interpret them both visually 
and numerically. While useful for some types 
of analysis, metrics are not always needed to 
successfully interpret a network. However, un-
derstanding the ways in which networks are 
measured can help explain inter-network re-
lationships and the roles different actors play 
within a network.
Network metrics can be calculated for either 
specific vertices or overall graphs. Vertex-spe-
cific metrics represent a scaled-down network 
for each actor, sometimes called an  ego net-
work.  Overall or aggregate graph metrics, 
are useful for comparing multiple networks, 
or observing one network over time. They are 
best able to demonstrate a community s level 
of connectedness in a relative sense. Individual 
metrics such as betweenness centrality can be 
used to identify the role or importance of an 
actor in the network and make intra-network 
comparisons. The concept of  connection  is 
central to social network analysis.  Understand-
ing the number, type, and strength of various 
connections is critical to understanding the 
patterns of idea flow within a network.  This, 
in turn, is the first step in learning to manage 
this flow effectively (Pentland, 2014). Network 
metrics describe how connections can lead to 
relationships and interactions. There are nu-
merous network metrics that can be calculated; 
while some are described here, a full glossary is 
available in the Appendix [X]. 
Vertex-specific metrics can be used to com-
pare actors within a single network; these are 
largely measures of centrality. The most ba-
sic of these measures is degree, also known 
as degree centrality. Degree centrality is the 
measure of how many unique connections, 
or edges, emanate from one node, or vertex 
(Hansen, Shneiderman & Smith, 2010). These 
unique connections can be either directional or 
non-directional.  Directional relationships are 
measured in in-degrees (the number of edg-
es that are pointing towards the vertex, or the 
number of connections that have been offered 
to that vertex) and the number of out-degrees 
(the number of edges pointing away from the 
vertex, e.g. the number of connections that are 
initiated by the vertex). The higher the degree 
centrality, the more connections an individual 
or organization has. 
Another measure of centrality is betweenness 
centrality. This is best understood as a measure 
of that node s ability to function as a  bridge 
between other individuals. High betweenness 
centrality indicates a node s importance in 
keeping others connected to the larger net-
work; if that node is removed, its connected 
nodes will be disconnected from the network 
as well. Nodes with high betweenness central-
ity act as  brokers,  facilitating communica-
tion and relationships within a network; they 
are also analogous to  keystone species  in 
an ecosystem as described in The Rainforest 
(Hwang and Horowitt, 2012).  
Closeness centrality measures average shortest 
distance from each node to every other node 
(or vertex). This can be considered a measure 
of density. The closer a node s closeness cen-
trality is to 1 (the lowest possible value), the 
more central role that individual node plays 
in a network (Hansen, Shneiderman & Smith, 
2010).  
Finally, eigenvector centrality is a compound 
metric that considers both the degree of an 
individual vertex and the degree of the oth-
er vertices it is connected to. It relates to the 
idea of popularity, measuring not just a ver-
tex s degree, but the value of its connections. 
If a vertex is connected to other vertices with 
high degrees (more  popular  actors), that 
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than a connection to a vertex with few oth-
er connections ( unpopular  actors), and is 
therefore more valuable. The more well-con-
nected vertices a certain vertex is connected 
to, the higher its eigenvector centrality will be. 
The clustering coefficient measures how con-
nected a vertex s connections are to one an-
other. Mathematically, it is the number of edg-
es connecting a vertex s neighbors divided by 
the total number of possible edges (Hansen, 
Shneiderman & Smith, 2010). This represents 
how well-connected the actors near a certain 
vertex are, but do not necessarily describe the 
vertex itself.
Overall graph metrics can be used to compare 
networks, or to observe change in a network 
over time. Graph density is a metric between 
0 and 1 that indicates how interconnected the 
network vertices are; in a basic sense, this is 
the number of existing edges divided by the 
maximum number of possible edges. Some 
basic measures include graph type, which in-
dicates whether a graph is undirected or di-
rected (whether relationships are reciprocal or 
not), vertices, the total number of actors in the 
network, total edges, the total number of con-
nections (also calculated are the total number 
of unique and duplicated edges). Measure-
ment of connected components indicates the 
amount of  groups  in the network, or clus-
ters of vertices that are connected to one an-
other but not to the larger network. Geodesic 
distance indicates the length of the shortest 
path between two vertices. The unit is an edge, 
so the geodesic distance between two vertices 
with one vertex in between them would be two. 
In looking at the overall network, maximum 
geodesic distance (longest possible distance 
in the network) and average geodesic distance 
are commonly calculated (Hansen, Shneider-
man & Smith, 2010).
Network analysis software allows for easy cal-
culation and analysis of these metrics. Vertices 
can be sorted to find individuals with high be-
tweenness centrality or high Eigenvector cen-
trality who anchor the network. Network met-
rics are best understood in relation to network 
visualizations, where they can be graphically 
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Visualizing networks plays an important role in presenting innovation networks and can 
help connect businesses and people in a more 
efficient way. Over time, several techniques for 
network data visualization have been devel-
oped in order to tap into this economic de-
velopment resource. Network visualization is 
derived from fundamental graph theory and 
addresses its basic structural properties (Chen 
& Yang, 2010):  Node degree:  Number of edg-
es attached to that node Node density: Math-
ematical formulas calculate individual density 
Path length:  Number of edges in the sequence 
that a walk follows Component size:  Counted 
by the number of connected nodes in a graph
Graph representations of networks As de-
scribed, network graph consists of a set of 
vertices joined by edges. Vertices are most 
often depicted as points in a plane connected 
by edges as straight or curved line segments 
(Fruchterman and Reingold, 1991). Graphs can 
be either directed or undirected. Undirect-
ed graphs are the most general class and do 
not rely on the direction of interaction. This 
makes them simpler to create and understand 
compared to directed graphs, in which the de-
gree and direction of interaction is displayed 
through the format of edges between nodes 
(Eades and Xuemin, 1989).
Visualization of big data sets: Transforming 
big data sets into visually appealing graphs is 
a specific challenge that is addressed by var-
ious literature. Special techniques have to be 
applied in order for the viewer to  make sense 
of the great amount of nodes and edges that 
are shown per area. According to Ben Shnei-
derman, the design of large graphs should fol-
low the principle of  overview, filter and zoom, 
details on demand . Due to the high number 
of nodes, it is necessary to format the graph in 
a way the presented information can be pro-
cessed by the human eye. Thus, the different 
graph elements have to be visually represent-
ed in a way that their importance can be under-
stood. For instance, colour or line thickness can 
be used to allow a multivariate decoration of 
the graph structure (Unwin, Theus & Hofmann, 
2006).
For adequate presentation of big data graphs, 
they have to be specified beforehand: What are 
the important links? What is their data connec-
tion? How should it be drawn? Depending on 
the answer to such questions, specific layout 
algorithms can be chosen.
Layout algorithms Due to the great variety of 
different information structures, there is no sin-
gle visualization method that can appropriate-
ly represent all kinds of information structures. 
One of the most straightforward ways to display 
network graphs is the node-edge layout, which 
helps users to clearly recognize the structure 
of the social network. This layout form in turn, 
can be further separated into three different 
kinds of layouts: Random layout, force-direct-
ed layout and tree layout. The random layout 
is placed at different locations in the graph and 
thus not as visually clear, specifically for large 
networks. As already indicated by the name, a 
tree layout chooses one node as the  tree root 
and its connected nodes become the children 
of that root node. Its structural, hierarchical 
layout makes the tree layout easy to under-
stand. The force-directed layout is also known 
as a spring layout. It displays the graph as a vir-
tual physical system. However, it involves high 
cost due to its running time and is therefore 
not suitable for large network datasets (data 
techniques) (Chen & Yang, 2010).
Several common undirected layout algorithms 
are Fruchterman-Reingold, Kamada and Kawai, 
and Davidson Harel. The Fruchterman-Rein-
gold and Kamada-Kawai algorithms are known 
as  spring-embedded  or  distance scaling 
algorithms. These algorithms  portray nodes 
that reject each other as disconnected and 
nodes that share an attraction as connected 
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rithm uses three steps for each iteration: cal-
culate the effect of attractive forces on each 
vertex, then calculate the effect of repulsive 
forces, and finally limit the total displacement 
by the temperature. One of the benefits of this 
algorithm is that it is relatively quick to render 
due to its emphasis on speed and simplicity 
(Fruchterman and Reingold, 1991). One poten-
tial disadvantage of this algorithm may be that 
multiple layouts of the same network will not 
look the same due to the  local optimization 
approach.   Aesthetic criteria Most basic cri-
teria, when it comes to the aesthetic design cri-
teria of network graphs, include minimizing the 
number of crossings as well as total drawing 
area and maximizing symmetries. To be more 
specific, one can divide essential criteria into 
three groups:  General Criteria: Reduction of vi-
sual clutter, spatial misunderstanding resulting 
from spatial closeness, maximizing space effi-
ciency and spatial matching of items Dynamic 
Graph Criteria: Maximization of display stabil-
ity, reducing cognitive load when interpreting 
presented data Aesthetic Scalability Criteria: 
Graph readability, scalability in number of ver-
tices and edges
Fleischer and Hirsch outline strategies that can 
be applied to fulfill the given criteria. These in-
clude bend minimization, which makes graphs 
more understandable by creating easier to fol-
low edges. Area minimization uses the avail-
able space efficiently while satisfying a gen-
eral aesthetics criterion of filling a space with 
homogeneous density. Angle maximization, 
keeping edges at a distance from one another, 
is important for displaying graphs on screens 
with low resolution. Symmetries and clustering 
in graphs, if present, should also be displayed 
as this helps to reveal the graph s structure 
(Fleischer and Hirsch, 1998, p. 19-20). Fulfill-
ing the presented criteria does not necessarily 
result in a good layout, as this is usually de-
pendant on the quality of the data as well as 
the desired visual outcome of the task at hand. 
Therefore, more than one layout algorithm is 
needed to result into a cohesive as well as un-
derstandable network graph (Landesberger et 
al., 2011).
Communicating with network 
graphs 
A network graph should communicate to its audience how the groups are structured 
and what the most important nodes are. The 
different visual elements of a network can pro-
vide this information in several different ways. 
According to Mackinlay, position is the most 
important design element for communicating 
the structure of the network and any quanti-
tative, nominal, or ordinal attribute of a node 
(1986, p. 125). However, the use of additional 
visual elements can provide greater detail. For 
nominal, or categorical, data, the most effec-
tive ways to communicate include density, col-
or saturation, color hue, and texture. Attributes 
of nodes can also be further specified by the 
use of different shapes and sizes (McFarland 
and Bender-deMoll, 2006; Mackinlay, 1986, p. 
125). Eventually, how the graph is designed will 
determine how effectively the underlying data 
can be understood and used for visualizing the 
analysis.
This report features novel analyses of innova-
tion networks.  These networks are comprised 
primarily of the people and organizations in-
volved in innovation and the connections they 
share through those innovation activities.  Sci-
ence, Technology and Innovation (STI or herein 
simply  innovation ) is a process comprised of 
several different types of activities including 
research, invention, proof-of-concept, com-
mercialization, and diffusion.  These activities 
are carried out by people in various roles  re-
searchers, inventors and entrepreneurs for ex-
ample; and the organizations (companies, insti-
tutions, agencies, etc.) that they are connected 
to.  Other people and organizations in the 
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providing funding, resources, ideas, know-how 
or social capital that helps the innovation pro-
cess advance.  In the network models people 
are represented as  nodes  or  vertices , and are 
connected to each other by lines (called  ties 
or  edges ) representing the relationships con-
necting them.  The various activities produce 
both tangible and intangible outputs including 
publications, intellectual property (IP), start-
ups, prototypes and products.  Figure 1 shows 
a representation of innovation activities along 
with inputs and outputs.  These outputs may 
be connected to each other (and to certain 
inputs) through citation relationships.  For ex-
ample a patent (IP) may cite publications de-
scribing concepts important to the patent; or a 
journal article (publication) may cite a research 
grant (input) that supported the research. 
These products of innovation activities are also 
connected to the people and organizations in-
volved through author, inventor, founder and 
ownership ties.
Another important set of relationships (what 
we call a  relation  in network terminology) is 
location.  People and organizations are as-
sociated with specific places where they live, 
work and engage in various innovation activi-
ties.  In many cases people and organizations 
are associated with multiple places, making it 
difficult to assign a single location attribute 
to them.  To resolve this we include places as 
nodes or vertices in the network.  The locations 
of people and organizations involved in inno-
vation activities are then represented by ties to 
those place nodes.
In theory, given perfect knowledge of every 
activity and relationship (and unlimited com-
puting power), a complete innovation network 
representation could be constructed.  However 
in reality many if not most innovation activi-
ties are undocumented or proprietary.  Never-
theless, robust partial network models may be 
constructed from available data sources.  While 
incomplete, these models are remarkable in 
what they reveal about the structure of the in-
novation ecosystem.  By layering multiple data 
sources and relations we are able to construct 
useful models of the core of that ecosystem. 
Since network models are inherently open, ad-
ditional data may be added at any time.  Thus 
the network models that we produce are  base 
models which users may continue to refine 
over time with additional data.  A listing of data 
sources including both  base model  and po-
tential sources is shown in table 1.
To construct our network model from these 
data sources it is useful to think of each inno-
Research Invention Proof of Concept Commercialization ProductLaunch
Publication Patent Prototype Beta ProductResearch Grant
StartupAssigneeGrantee Company
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vation activity in terms of an  activity network 
comprised of the people, organizations, places 
and documents (outputs) associated with that 
activity.  The information necessary to model 
these activity networks may be extracted from 
individual documents or records in our data 
sources.  By themselves activity networks are 
not very interesting or useful.  However when 
all of the activity networks are aggregated 
together they form more complex networks 
through shared nodes and overlapping con-
nections.  The process of extracting activity 
networks from source documents and then 
combining them into larger product or innova-
tion networks is depicted in figure 2. 
Once the larger innovation network is assem-
bled we use network analysis software (in this 
case NodeXL) to identify specific subnetworks 
called connected components.  Connected 
components are subgraphs in which every node 
is connected to every other node by a path, 
and are not connected to any other nodes in 
the supergraph (complete network).  In many 
cases connected components end up being 
the networks of individual companies.  In other 
cases the connected components may reveal 
organizations that are connected to each other 
through collaboration or through shared peo-
ple.  These cases may also represent merger 
and acquisition activity, or they may represent 
funding or ownership ties.  Whatever the rea-
son, connected components with more than 
one organization should be investigated fur-
ther to determine the reason(s). 
Using NodeXL we may group vertices by con-
nected component then represent the network 
using the  group-in-a-box  layout which pres-
ents each connected component in a separate 
box.  The largest component is always in the 
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the lower right corner of the graph.  As will be 
discussed later, this arrangement ends up pro-
viding a useful organizing structure for target-
ing economic development strategies based 
on the size, complexity and stage of develop-
ment of the components.
While connected components are useful in re-
vealing organizational structures they are pri-
marily descriptive.  Industry cluster theory is 
based on the defining idea that clusters involve 
networks of organizations and people that are 
connected through collaborative and compet-
itive relationships.  For example firms may be 
connected through supply chain relationships, 
or they may be competitors in the same mar-
ket, drawing from the same labor pool.  Or-
ganizations may also be connected to each 
other as (actual or potential) collaborators or 
competitors in terms of innovation.  While we 
often do not have data on actual cluster rela-
tionships we can model potential relationships 
that may then be verified by economic devel-
opers in the field. 
To do this we introduce a new relation (technol-
ogy clusters) involving a new type of tie (weak 
ties) between our existing people and organi-
zation vertices.  Weak ties may be thought of 
as potential ties based on mutual connection 
to a third node.  In this case that third node is 
a technology classification  for example patent 
classifications, keywords, topics and the like 
that describe a specific technology field.  These 
classifications may be extracted or derived 
from the individual source documents.  Doc-
uments with similar technology classifications 
would be weakly connected, thus generating 
weak ties between their respective organiza-
tions and people. Data Sources and Network 
Relations included in this report The networks 
modeled and analyzed for this report included 
figure 8.2
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data from the following sources: 7         Patents 
USPTO 7         Research Grants  NIH, NSF, NASA 7 
Proof-of-Concept / Commercialization Grants: 
SBIR/STTR Phase I and Phase II Data sources 
under development / available for inclusion in-
clude the following: 7         TEDCO Stem Cell 
fund; other TEDCO funding 7         University 
of Maryland, College Park  sponsored research 
& licensing data 7         CrunchBase data See 
table 1 for a full list of available / potential data 
sources.
Records were extracted from the listed data 
sources according to the following criteria:
Record date between 1/1/2010 and 7/30/2015 
(application date for patents; award date 
orcontract start date for all others.
Records in which any party listed on the docu-
ment other than federal government agencies 
had an associated location in Howard County, 
MD; or any records associated with Maryland 
research universities (primarily Johns Hopkins 
and member institutions in the University Sys-
tem of Maryland including University of Mary-
land College Park, University of Maryland Bal-
timore, and University of Maryland Baltimore 
County, among others).
Names were matched across all data sources. 
Variants of the same name were collapsed into 
a single label for matching and network pur-
poses.
Relations included research & patenting, lo-
cation, and technology-based weak ties based 
on patent classifications. Network Character-
istics For the network using the data sources 
listed above the network includes 8,175 verti-
ces and 23,497 ties (edges) for the research/
invention and patent-based technology ties 
combined.  The location relation includes 857 
place vertices and 6,295 location ties.  The  re-
search group  is comprised of four university 
components accounting for about 51% of all 
vertices and 35% of all edges.  The  industry 
group  is comprised of 362 connected com-
ponents accounting for about 48% of all verti-
ces and 59% of all edges.  The remaining verti-
ces (about 1%) and ties (17%) are un-clustered 
and are predominantly federal government 
agencies and funding or patent ties between 
those agencies and clustered vertices.
Technology-based weak ties for this network 
are based only on patenting in the same class 
and subclass, and are only shown between pat-
ent assignees.  There are 541 such ties in this 
network.  Additional technology-based weak 
ties could be added based on keywords and/
or full-text search comparisons of patent and 
research grant abstracts.  Identifying Technol-
ogy Clusters Technology clusters are groups of 
connected components that are connected by 
technology-based weak ties.
Interpreting the Network 
Models 
The network models developed for this stu-dio are interactive NodeXL files (included in 
final package) and are most useful when used 
interactively.  The network images that fol-
low are useful for illustrating the overarching 
structure of the models and certain key find-
ings.  With over 8,000 vertices and 23,000 edg-
es there is no one image that will adequately 
represent the networks.  Images that capture 
the whole network do not show complete de-
tail, while detailed cluster images necessarily 
exclude much of the network to focus on the 
clusters.  Images that show the entire network, 
especially those that show weak ties may ap-
pear overwhelming.  However conveying the 
idea that while the innovation network IS large 
and complex, there is also some organizing 
structure to it is an important message.  Many 
people do not fully appreciate either the com-
plexity or the structure of innovation activities 
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Network Visualization
and 2 are intended to facilitate that apprecia-
tion. 
Components along the left and top of the 
overall network graph form a larger research 
cluster comprised of regional and national re-
Top:  Network image 1
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search universities and laboratories.  This clus-
ter is anchored by the region s three major re-
search universities  Johns Hopkins (including 
the Applied Physics Lab), University of Mary-
land College Park, and University of Maryland 
Baltimore.  UMBC, UMCES, Towson, Morgan 
State and Bowie State universities along with a 
small cluster on national universities make up 
the rest of the research cluster.  
Each cluster includes researchers and / or in-
ventors with location ties to Howard County. 
One of the main challenges of innovation led 
economic development is translating these 
research efforts into startups and econom-
ic activity for Howard County.  There are two 
ways in which the network analysis can help 
economic developers do this.  First, each weak 
tie provides a specific lead where there may be 
potential for tech transfer or sponsored / col-
laborative research.  In many cases these leads 
are between universities and companies (net-
work image 4).  In others they may be between 
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The rest of the network comprises the overall 
industry component, including all of the indus-
try clusters and any un-clustered nodes.  Net-
work image 6 shows the industry component 
in its  whole network  configuration, while 
network image 7 shows the same groups reor-
ganized without the research groups. 
Network image 7 illustrates some of the 
broader organizing structure provided by the 
clustering algorithms and the  group-in-a-box 
treemap  layout.  The largest group is located 
in the upper left corner of the graph, while the 
smallest group is located in the lower right cor-
ner.  The size of the group correlates well with 
the size and development stage of the firms 
involved.  This in turn means that the graph 
can help organize the targeting of economic 
development strategies.  Some large groups 
towards the upper left of the graph are cen-
tered on large firms that are located within 
the region but not in Howard County (Black & 
Decker and Northrup Grumman, for example). 
These essentially represent talent clusters. 
Other groups are centered on Howard County 
based companies (Ciena, for example).
In cases like Ciena, for example, there are few 
or no other firms that appear engaged with the 
central firm in the innovation network.  Further 
investigation is warranted to determine if this 
is an accurate portrayal and if so, why.  From 
the perspective of the innovation network this 
pattern presents a level of risk to the County 
because it is easier for the firm to pick-up and 
relocate.  It does not appear to be embedded 
in an innovation network that would make it 
harder to leave or to replicate somewhere else. 
The strategy for firms presenting this pattern 
is first further investigation to determine if 
there are aspects to the innovation network 
were undetected in this analysis.  Connections 
to other county firms through supply chains 
should also be investigated.  If the represen-
tation in the network analysis is accurate, the 
economic development strategy should follow 
a Business Retention and Expansion (BRE) track 
along with enhanced relationship building to 
help increase the level of embeddedness in 
various community networks, including inno-
vation.  This is highly individualized process for 
economic developers because firms may pres-
ent this pattern for their own strategic reasons. 
Especially in this region, security and confiden-
tiality are reasons why a firm may choose to be 
more isolated.  If so, the risk of the firm depart-
ing is low and concern may not be warranted.
In cases like Black & Decker or Northrup Grum-
man where the firms present similar patterns 
but are located outside the County the issues 
are similar but a firm departure s impact on 
the county would be more limited to county 
residents who work at the firm or supporting 
firms.  In these cases the economic develop-
ment strategy should also begin with further 
investigation to determine risk level.  After 
that, pursuing similar BRE strategies to those 
described above in partnership with neighbor-
ing economic development organizations may 
be appropriate. 
In both cases the pattern of redevelopment fol-
lowing the departure of a large form suggests 
that while some of the creative talent relocates 
with the firm, a portion of that talent chooses 
to stay put and pursue employment with other 
firms in the region or to launch local startups. 
An economic development strategy that the 
County could pursue would be one of scenario 
planning.  What if a major employer left?  What 
would be the County s response?  What pro-
grams could it implement quickly to support 
nascent startups or rapid reabsorption of the 
impacted workforce within the County?  To be 
clear, there is nothing in the network analysis 
or in our other analyses to suggest that any 
firm  especially those mentioned here by ex-
ample  are contemplating relocation.  That was 
not part of our investigation.  The forgoing is 
simply a logical interpretation of the potential 
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terns, and to suggest that further investigation 
by HCEDA may be warranted. Developing Key-
stones Local industry leaders are an essential 
part of the innovation ecosystem.  The leaders 
both firms and to people behind them  are re-
ferred to as  keystones  by Hwang and x in 
their book The Rainforest:  (2012).  Regardless 
of what they may be called, developing a cad-
re of private sector leaders who are engaged 
in the local innovation ecosystem is critical to 
maintaining and growing a healthy innovation 
ecosystem.  
While engaging people and firms like those 
discussed in the previous section might be a 
strategy for increasing their connections to the 
community, the county is more likely to find 
and engage keystones within groups that al-
ready display more complex network struc-
tures, like the Telecom or Chemicals groups in 
network image 7.  Often it makes sense to de-
velop such leaders within the context of their 
technology clusters as discussed in a later sec-
tion.  
However in the context of looking at the over-
all innovation network (image 7), it is useful to 
note that because of the organizing structure 
imposed by the groups and layout, those pro-
spective keystones are more likely to be found 
in the groups on the left side and top of the 
network image, since these generally repre-
sent firms and network components that are 
more developed, established and embedded 
in the community.  The idea of strengthening 
the innovation ecosystem is more likely to be 
consistent with their internal corporate strat-
egies and stage of growth.  While there may 
be exceptions, this organizing structure at least 
shows economic developers where to focus 
their attention to begin such efforts.
Entrepreneurial and Startup Strategies Start-
ups and entrepreneurial ventures represent 
the other end of the spectrum from the discus-
sions of the foregoing sections, and in keeping 
with the organizing structure of the network 
graph, the firms and people engaged in such 
ventures tend to occupy the lower right corner 
of the innovation network graph (network im-
age 7).  New startups also have a very different 
set of needs and suggest a different set of eco-
nomic development strategies than the firms 
and groups on the left side of the graph.  
Such strategies include access to capital and 
markets, accelerators, incubators, innovation 
districts, access to research and specialized fa-
cilities / equipment; and several others.  These 
have been written about extensively elsewhere 
and will not be discussed further here.  What 
will be discussed further is where to focus 
those efforts.  Network images 8 and 9 are 
enlarged and reorganized views of the lower 
right corner of the larger innovation network. 
Network image 8 identifies groups of people 
with at least one Howard County connection 
that are connected by one or more patent but 
who are not associated with a specific firm.  
While additional research is needed to deter-
mine whether these inventions can be com-
mercialized and whether the people involved 
have such intentions, image 8 nevertheless 
presents nearly 100 prospects for Howard 
County economic developers to engage as 
potential startups.  Network image 9 identifies 
nearly 40 groups of people with connections 
to Howard County who have already started a 
firm in the County.  While a few of these are 
more established many are either early growth 
or nascent startups that may need assistance 
in reaching the next growth stage.  While the 
more advance firms in this group may be bet-
ter addressed through BRE strategies, many 
may need the same type of startup assistance 
contemplated for image 8. 
A different approach to business attraction In 
between the large firms and groups on the left 
side of the network graph (image 7) and the 
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there are a large number of small and mid-
size growth-oriented technology-driven firms 
(SME s).  Many of these SME s are located out-
side of Howard County but have one or more 
connections to the County through the people 
involved in the company.  Business attraction 
strategies have historically focused on attract-
ing large firms with expensive incentive pack-
ages.  In recent years support for such pack-
ages has waned with increasing scrutiny and 
shrinking budgets.  
Innovation network analysis suggests a less 
costly alternative  moneyball  approach. 
Network image 10 identifies roughly 100 SME s 
that are currently located outside of Howard 
County but which have one or more County 
connections.  This presents HCEDA with a pros-
pect list of people and firms to contact.  But 
the strategy is more subtle than simply cold 
calling firms to see if they want to move.  It is 
a strategy that focuses on the existing Howard 
County connections and how the firm might fit 
into one of the County s technology clusters. 
It is a longer-term, lower-intensity approach 
that focuses on the firm s next growth stage 
and seeks to establish relocation to Howard 
County at that stage as a viable and attractive 
option.  While this approach may ultimately re-
quire the use of some incentives, each package 
is smaller and the total incentive investment is 
more diversified across firms, industries and 
geographic locations. 
Technology Clusters 
Consistent with industry cluster theory that defines clusters as groups of firms connect-
ed to each other through networks of collab-
oration and competition, the groups identified 
in our larger network images (image 2 and im-
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other through technology-based (lime green) 
ties.  Where we find these ties we are likely to 
find the types of relationships described in the 
industry cluster definition, or the potential for 
such relationships.  Thus grouping network 
components together into technology clus-
ters based on weak tie connections provides 
a partial look into those defining networks. 
The network-based technology clusters are a 
reflection of the innovations that people are 
actually working on rather than pre-defined 
industry groupings and industry cluster defi-
nitions.  Because of this, the network-based 
technology clusters are more likely to reveal 
the direction that industry clusters are moving 
in terms of technology.  They may reveal new 
emerging clusters years before they show up in 
the industry cluster analysis.  These technology 
clusters may also reveal active and competitive 
sub-clusters within larger industry clusters that 
in the aggregate have lackluster location quo-
tients. Our initial analysis revealed 5 technol-
ogy clusters as described in the body of this 
report.  These include the following:
Network images for each of these technology 
clusters except Research & Development are 
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Top: Network Image 12
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Towards the end of the semester a new method 
for identifying technology clusters was devel-
oped.  Briefly, this method involves replacing 
individual vertices with their group assignments 
and generating a new model as a network of 
groups connected by weak ties.  A clustering 
algorithm is run on this new network, identify-
ing the groups that belong together based on 
weak ties. The resulting clusters showed strong 
similarity to our original five, but identified a 
total of 18 clusters as shown in network image 
15.  Each node in this network is a collapsed 
cluster representing multiple groups from the 
larger network (image 2) connected by weak 
(lime green) ties. 
A Closer Look at the Regener-
ative Medicine Cluster 
The regenerative medicine cluster is a good example of how innovation network analy-
sis can augment more traditional methods of 
economic and cluster analysis.  Industry cluster 
analysis does not pick up this cluster for a cou-
ple reasons.  
First, many of the firms are research based, fil-
ing under NAICS 541710 or 541720, both of 
which are suppressed at the county level.  NA-
ICS 5417 has an LQ of 9.60 but does not distin-
guish between bio-based research or any oth-
er type or research.  Further, when this code is 
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concentration is diluted by other NAICS codes 
for which the County has little or no special-
ization.  
Second, some of the firms in this cluster are 
relatively new and their impact does not yet 
appear in industry cluster data.  
Third, the network analysis includes firms that 
may be located outside the county that never-
theless have a county connection.  These are 
targets for potential business attraction.  
Fourth, the network analysis identifies univer-
sity involvement in the cluster and identifies 
specific labs / departments where tech transfer 
may be enhanced.  So while network analysis 
does not replace cluster analysis, id provides 
useful augmentations and reveals very specif-
ic technology clusters that might otherwise be 
missed in a traditional analysis.
The body of this report provides an in-depth 
look at the regenerative medicine cluster. 
Here the focus is on interpreting the network 
graph (network image 16).  This network image 
shares similar layout features with the other 
network graphs in that the largest component 
is located in the upper left corner while the 
smallest is located in the lower right.  All of the 
discussions herein regarding how this layout 
provides an organizing structure for targeting 
economic development strategies also apply 
to this graph.  Additionally, network image 16 
shows the identification of several university 
labs or research partnerships (red circles) in the 
network structure.  So for example the circled 
lab in the lower left corner of the UMCP cluster 
is part of a larger biochemistry/bioengineering 
research cluster at the University of Maryland 
College Park (network image 17)  the largest, 
most active research cluster at UMCP, occupy-
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work graph to identify specific labs or research 
groups, HCEDA can engage with research uni-
versities more effectively to promote innova-
tion-led economic development.  Strategies 
may include the following:
1     Facilitating cluster-oriented sponsored re-
search that can benefit multiple firms within 
the cluster.
2Targeting student startups and faculty spin-
offs for inclusion and integration into the clus-
ter.  This could be coordinated with relevant 
accelerators / incubators in the region as well.
3Targeting the transfer or licensing of specific 
technologies (see network image 4).
4Working with specific departments / pro-
fessors to identify workforce needs and track 
graduates into the County workforce.
5Work with specific departments to develop 
cluster-based internships that work with mul-
tiple firms.   
Investigation of the companies included in the 
cluster reveals the presence of foreign-owned 
firms including DSM, for example.  Having a 
detailed picture of the regenerative medicine 
cluster along with detailed and targeted clus-
ter development strategies can help HCEDA 
work with Maryland s Office of International 
Investment and Trade along with existing and 
potential international firms to attract growth 
and foreign direct investment (FDI) to the clus-
ter and the County.
The regenerative medicine technology cluster 
includes a number of technology-based weak 
ties between firms in the cluster.  Preliminary 
investigation suggests that these may indi-
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around the development of certain technolo-
gies.  HCEDA may have a role in bringing firms 
together and facilitating such discussions.
Finally, clusters generally and this cluster spe-
cifically are useful organizing structures for 
industry partnerships that can focus on devel-
oping shared solutions to shared problems, 
for example workforce development.  HCEDA 
may have a role in convening and facilitating 
the start of an industry partnership under the 
state s EARN program. Working with the Net-
work Models NodeXL network models for the 
overall network and each cluster are included 
in this package.  To view / use these models 
you must download and install NodeXL.  The 
free version is sufficient for viewing and modi-
fying the networks without calculating metrics. 
Company and Technology 
Profiles 
Of the companies included in the NodeXL analysis, over 60 individual companies 
were identified that had significant and/or 
useful ties to Howard County. Qualifying ties 
included: a current or former operating loca-
tion in Howard County; some record of as-
sociation with an address in Howard County, 
e.g. via a grant or patent application; and/or a 
base of current operation in immediately adja-
cent areas of either Baltimore or Anne Arundel 
Counties. Individual profiles for each of these 
companies are included in the Appendix. These 
profiles include information on the size, loca-
tion, activities, customers, innovation activity 
and key people involved with each of these 
companies. 
In addition, these profiles include a color-cod-
ed bar indicating which of five technology 
clusters the company belongs to: Nutraceuti-
cals, Defense/Intelligence/Security, Regener-
ative Medicine, Research and Development, 
and Telecommunications. These five clusters 
of possible interest were identified via alter-
nate methods of sorting and arranging data 
in NodeXL.  Some companies fit into multiple 
clusters.  Where this was the case, a primary 
categorization is indicated on the company 
profile and any secondary categorization(s) are 
shown on the Cluster Categorization Chart in 
the Appendix. 
In most cases, technology clusters of inter-
est were represented by multiple companies 
of various sizes active in Howard County. The 
exception is the Nutraceuticals cluster, which 
only has one active company (DSM, formerly 
Martek Biosciences). In our view the presence 
of multiple individuals and institutions with 
ties to this successful enterprise, as well as the 
overall growth potential in this sector, warrant 
its inclusion in this report.
These profiles are intended to provide a quick 
orientation to innovative companies and tech-
nologies that may be worthy of additional fol-
low-up by economic developers in the County.
Regenerative Medicine 
While each of these clusters represents a pos-
sible anchor technology for an innovation-led 
economic economic strategy, Regenerative 
Medicine stands out as a unique opportunity 
due to the unique characteristics of the tech-
nology and the fact that it is at a nascent stage 
of growth in the county.  
The National Institute of Health (NIH) defines 
Regenerative Medicine (2013) as  the process 
of creating living, functional tissues to repair 
or replace tissue or organ function lost due to 
age, disease, damage, or congenital defects. 
(www.NIH.gov). The Regenerative Medicine 
Cluster has three sub groups: Stem Cell Sur-
gical Delivery Technology, Medication Delivery 
Devices, and Regenerative Extracellular Matrix 
(ECM) Technology.  Through the NodeXL anal-
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ative Medicine Technology Cluster. Of the 25 
companies, six are located in Howard County.
Conclusion 
So how do we spur innovation-led economic 
development in Howard County? We found 
that the multiple data analysis methods we ap-
plied illuminated a few key strategies for the 
County. Although traditional economic data 
analysis is limited in demonstrating innovation 
activity at the local level, it is still a good back-
ground and basis for comparison at the state 
level. 
Our spatial analysis identified a cluster of in-
novation companies in the gateway center. We 
propose the county creates an innovation dis-
trict in that area to help facilitate idea flow be-
tween people in these companies. This recom-
mendation is long term as it will be challenging 
to implement a walkable innovation district in 
suburban Howard County. However, over time, 
the county can phase in public spaces, restau-
rants, coffee shops and walkable connectivity 
between the companies. To increase entrepre-
neurial activity, the county can direct resources 
and marketing efforts to the empty warehous-
es in our proposed district to help kick start 
companies by implementing makerspaces, ac-
celerators, and incubators. 
Finally, our network analysis resulted in five 
main technology clusters that are active in the 
County: Research and Development, Nutra-
ceuticals, Regenerative Medicine, Defense, and 
Telecommunications. Based on these clusters 
(see figue X below), the next steps for How-
ard County Economic Development would be 
to identify and cultivate keystones and cap-
ital networks in each innovation cluster. The 
county can zero in on traditional economic 
development strategies in the following areas: 
workforce development, universities, business 
expansion and foreign direct investment op-
portunities, and business attraction opportu-
nities. 
Workforce Development Develop industry 
partnerships (EARN) around innovation clus-
ters Work with universities and community 
colleges on talent pipeline  Universities (JHU, 
UMCP, UMB, UMBC+) Follow-up leads for li-
censing or other engagements (represented 
by green ties in the network model) Identify 
key labs (dense subgroups) and evaluate for 
expansion/enhancement Identify opportuni-
ties for faculty spin outs identify/accelerate 
potential student startups that can be seeded 
in this cluster  Build long-term sponsored re-
search relationships with keystone companies 
Business Expansion & FDI Opportunities Focus 
BRE on growth stage and mature companies 
in innovation clusters develop keystones in the 
process engage MD DOC in developing FDI 
engage foreign-owned companies in innova-
tion clusters to expand their presence in the 
cluster through FDI 
Business Attraction Opportunities Focus on 
early stage companies with innovation cluster 
growth potential; companies are located out-
side of the county but have a HoCo connection 
Develop relationships and help them plan for 
move to HoCo for next growth stage  Connec-
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appendIces
Appendices are available at http://www.terpconnect.umd.edu/~dempy/docs/studio2015/.
Including:
1.  Network Models
2.  GIS maps and data
3.  Company Profiles
SYMBOL TECHNOLOGIES 
ROCKWELL COLLINS INC
RESEARCH & 
DEVELOPMENT
